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NOTICE.

It has been found necessary, in the present Rudimentary

Treatise on the interesting subject of Lighthouses—in order

to the due development of its elementary and practical cha-

racter, and to ensure its utility to students and the practical

engineer, and its comprehensive elucidation by the author, for

the use of those not professionally engaged—to extend it to a

treble part. This unavoidable increase of its bulk is the only

excuse offered for the price being made 3s. ; and it is antici-

pated that, when the matter is investigated,—taking into

account that there are 14 engravings, 104 woodcuts, and 15

sheets, of 24 pages each, of expensively-printed matter, the

publisher will receive the approbation rather than the censure

of the public.

J. W.
June 8th, 1850.
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MR WEALE’S NEW SERIES OF RUDIMENTARY WORKS FOR BEGINNERS.

Mr Weale has prepared for publication, in a neat and convenient
Bize, a series of original and useful Volumes, by the most esteemed
writers, forming a Rudimentary Course for the easy comprehension of

the leading principles of various Sciences.

It has been remarked that “ those who are in the ship of Science

ought to remember that the disciples cannot arrive without the aid of

boats.’
-

Popular treatises are to Science what boats are to large ships

;

they assist people in getting aboard ;
but as no one would trust himself

to a weak or inefficient boat, bo no one ought to begin the study of

Science with an imperfect guide. It sometimes happens that popular
treatises are made to appear easy by the omission of those very details

which are most essential to be known : they state results without going
through the necessary processes by which those results are gained :

they deal largely in facts, and leave principles untouched.

The only method of avoiding this error is to confide to men who are

masters of their respective subjects, the task of drawing up Popular
Introductions to the several branches of Science. The Publisher trusts

that the following list of names will be a sufficient guarantee to the

Public that what he proposes to attempt in the cause of Popular In-

struction will be done well, and that these little treatises will fully

answer the purpose for which they are intended, namely, to become
convenient and accurate Guide-Books in Government and other Schools,

and in Popular Institutions generally, while their low price will place

them within the reach of all classes earning their daily bread, to many
of whom a knowledge of the elements of Science is a positive gain in

the common pursuits of life, as well as a means of winning from gross

tastes, and presenting to the mind noble and worthy objects of study.

The several Series are amply illustrated, in demy 12mo, each neatly

bound in cloth ; and, for the convenience of purchasers, the Subjects

are published separately, at the following prices :

—

Price.
Rudimentary Chemistry, by Professor Fownes. F.R.S., kc, third

edition, and on AgriculturalChemistry, for the
use of Farmers, ...... Is.

Natural Philosophy, by Chas. Tomlinson, . . Is.
-— Geology, by Lieut.-Col. Portlock, R.E-, F.R.S.,

F.G.S., &c Is.

Mineralogy, by D. Varlcy, Author of ‘'Conversa-
tions on Mineralogy," second edition, vol. i., . Is.

voLii., . Is.

Mechanics, by Chas. Tomlinson, ... Is.

Electricity, by Sir Wm. Snow Harris, F.R.S., &c. . Is.

Pneumatics, by Chas. Tomlinson, ... Is.

Civil Engineering, by Henry Law, C.E., vol. i. . Is.

vol. ii. . Is.

Architecture (Orders), by W. H. Leeds, Esq., . Is.

Ditto (Styles—their several examples), by Talbot
Bury, Architect, F.I.B.A., .... Is.

Principles op Design in Architecture, by E. Lacy
Garbett, Architect, vol. i. Is.

— vol. ii., ... Is.

Perspective, by Geo. Pyne, Artist, Author of “ Prac-
tical Rules in Drawing, for the Operative Builder
and Young Student in Architecture, vol. i., second
edition, ....... Is.

Ditto, vol. iiH second edition, . . .Is

Digitized by Google



2 Mr WeaJe's New Series of Rudimentary Works.

CONTINUED SERIES OF RUDIMENTARY WORKS TOR
BEGINNERS.

Price.

Rudimentary Art op Building, by E. Dobson, C.E., Assoc. Inst.

C.E., Author of Railways of Belgium, . . 1».

Brick-Making, Tile-Making, by the Same,
vol. L, ..... Is.

—

Ditto, vol. ii., ..... 1».

Masonry and Stone-Cutting by the Same, Is.

Illustrations of the preceding, in
4to, Atlas size, 13 plates, . . 1>.

House-Painting and Mixing Coloubs, by
George Field, Esq., vol. 1., . . 1*.

—

vol. ii., ... 1*.

Dbainino Distbicts and Lands, by G. Drys-
dale Dempsey, C.E., . . . . 1».

Dbainino and Sewage of Towns and Build-
ings, by G. Drysdale Dempsey, C. K., . 1».

Well-sinking and Bobing, by John Geo.
Swindell, Architect, .... If.

Use of Instalments (generally), by I. F.
Heather, M.A., of the Royal Military Aca-
demy, Woolwich, .... 1*.

Constructing Cranes, for the Erection of
Buildings and for Hoisting Goods, by Joseph
Glynn, K.K.S., C.E., .... If.

Treatise on the Steam-Engine, by Dr Lardner,
LL.D. (Written specially for these Rudimentary
volumes), ....... If.

Abt of Blasting Rocks and Quabrting, and on
Stone, by Major-Gen. Sir John Burgoyne, K.C.B.
II. E., he.. Sic.. ...... It.

Dictionary of Terms used by Architects. Builders,
Civil and Mechanical Engineers, Artists, Ship-
builders, and the several connecting Arts, vol. i. If.

vol. ii-, la.

vol. iih. If.

vol. iv„ If.

SERIES OF RUDIMENTARY WORKS OF MATHEMATICAL
SCIENCE FOR BEGINNERS.

The Series of Rudimentary Works, for the use of Beginners, have
realised the anticipated success from that portion of the public who
seek the attainment of those objects of Science which belong to the

business of life, and the highest and most useful subjects in the

Elements of Art and Science. Pursuing the same path, to render

further aid to public instruction, and to direct the attention of the

Heads and Principals of the several Colleges and Schools of the United

Kingdom, and the Royal Military Academies, to these serial works, it

is intended to publish an Elementary Course of Mathematics for the

use of Beginners, at Is. each volume.

It has been observed by Bonnycastle, in the Preface to his admirable
Elementary Work on Algebra, that “ Books of Rudiments, concisely

written, well-digested, and methodically arranged, are treasures of in-

estimable value, and too many attempts cannot be made to render them
perfect and complete.”

To carry out this new Series successfully and methodically, the most
eminent men in scholastic erudition and elementary instruction have
been selected, under the able management and editing of Mr James
IIann, Mathematical Master of King’s College, London, who, with the
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Mr Weale's New Series of Rudimentary Works. 3

co-operation of the following gentlemen, will produce a set of book?
that shall be efficient both for public and self-instruction :

—

W. S. B. WOOLHOUSE, F.R.A.S., Actuary of the National Loan Fund, Author
of several Scientific Works.

HENRY LAW, Civil-Engineer. Editor and Author of several Professional Works.
JAMES HADDON, Arithmetical and Second Mathematical .Master, King’s Col-

lege, London.
The Subjects are as follows

:

Price.
Elementary Treatise on Arithmetic, with Numerous Mathe-

matical and Commercial Examples for Practice and Self-Examina-
tion, Is.

A Practical System of Book-Keeping, with Concise Modes of Cal-
culation, Forms of Commercial Documents, in English, French,
German, and Italian, Mercantile Phraseology, &e., forming a
complete Introduction to the Counting-House ... 1*.

Elementary Treatise on Algebra, vol. i., .... Is.

vol. ii., .... Is.

Principles of Geometry, ..... Is.

Analytical Geometry, . . Is.
Treatise on Plane Trigonometry, . . . Is.

Spherical Trigonometry, . . Is.

Elements and Practice of Mensuration and Geodesy, . . Is.

The Whole System of Logarithmic Tables, for Reference and
Practice, ......... Is.

Elementary Treatise on Popular Astronomy, ... Is.

Principles and Practice of Statics and Dynamics, . . Is.

Theory and Practice of Nautical Astronomy and Navigation, Is.

Differential Calculus, in which the Principles will he clearly elu-
cidated, ......... Is.

Integral Calculus, in which the Principles will also be clearly
elucidated, ......... Is.

Collection of Examples of the Differential and Integral
Calculus, ......... Is.

The following are alto published or in the Press.

Rudimentary Treatise on Cottage-Building, or Hints for Im-
proving the Dwellings of the Labouring Poor, by
Chas. Bruce Allon, Architect, ....

Tubular Bridges, Girder Bridges,
&c., more particularly the Conway and Britannia
Bridges, describing the Experiments made to deter-
mine their form, strength, and efflrienev, together
with the construction of the same, the floating and
raising the tubes, Ac., .....

Art of Marino Foundations, Concrete Works,
Sic., by E. Dobson, C.E., .....

Treatise on Limes, Calcareous Cements, Mor-
tars, Stuccos, and Concrete, by Geo. R. Burnell,
C.E

Art of Laying out and Making of Roads for New
and Old Countries, by H. Law, C.E. .

Treatise on the Construction of Lighthouses,
more particularly those of Britain, by Alan Steven-
son, LL.B.. F.R.S.E., M. Inst. C.E., vol. i.,

Ditto, the Continuation of the lame subject, vol. ii..

Law of Contracts for all kinds of Buildings, for

Employers, Contractors, and Workmen, by David
Gibbons, Esq., Author of Treatises on the ‘-Law of
Dilapidations," and on the "Law of Fixtures,” Sic.

Treatise on Hydraulic Engineering, and on Tun-
neling through various kinds of Strata, with
Plates, forming a third vol. of the Engineering (and
completing that subject) published in the First
Series, .......

Locomotive Engines, describing them
on the various Railways for their several purposes,
and their duty and efficiency, by J. Sewell, L.E., .

Marine Engines and Steam-Boats,
for Sailors and Engineers, by R. Murray, C.E.,

Price.

1*.

Is.

Is.

Is.

Is.

Is.

Is.

1*.

Is.
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4 Mr Weale's New Series of Rudimentary Works.

Price.
Rudimentary Akt of Shipbuilding, The Elementary Principles,

with Plates, by J. Peake,
H.M. Naval Architect, . 1a.

The Practice, with Plates,
by J. Peake, H.M. Naval
Architect, ... 1*.

Masting, Mart-Making, and
Rigging of Ships, . . Is.

Sailor’s Sea-Books, Direc-
tions for Signals, Flags of all

Maritime N ations, . . IS.

Alio in preparation,
Price,

Rudimentary Treatise on Magnetism, by Sir W. Snow Harris,
F.R.S., &c. ....... Is.

— the Warming and Ventilating of
Public and Private Buildings, with illustra-
tions, by Chas. Tomlinson, .... Is.

Art and Practice of the Surveying of Land, on
the Art of Surveying and Levelling forRoad-
Making, Railway-Making, and the Making of
Canals, &c, by T. Baker, C.E, with Illustrations. Is.

Sketch of the Construction of Railways, with
numerous Illustrations, by Rowland Macdonald
Stephenson, ...... Is.

Treatise on Clock and Watch Making, with a
Chapter on Church Clocks ; with Illustrations,
bv E. B. Denison, Esq, author of two papers on
Clook Escapements, in the Cambridge Philosophical
Transactions, vol. i, . . . . . Is.

vol. ii., ..... Is.

Conchology, &c. (Fossils and Shells),
vol, i. Is.— Continuation of the

same subjects, vol. ii. Is.

Elements of Music, with Plates of Examples, vol. i. Is.

Practice of Music, with Plates of Examples, vol. it. Is.

Instruction on the Pianoforte, ... Is.

(text), by J.F. Heather,
M.A, . • . Is.

Atlas of Plates illustra-
tive(drawing-book), ob-
long 4to, by J. Peake,
H.M. Naval Architect, Is.

Applied to Architecture
(text), by I. F. Heather,
M.A. . Is.

Atlas of Plates illustra-
tive (drawing-book),
oblong 4to, by I. F.
Heather, M A. . . Is.

ing (text), by I. F.
Heather, M.A, . . la

Atlas of Plates illustra-
tive (drawing-book ),

oblong 4to, by I. r.
Heather, M.A, . . Is.

Applied to Mechanical
Engineering (text), by
I. F. Heather, M.A, . Is.— Atlas of Plates illustra-
tive (drawing-book),
oblong 4to, by I. F.
Heather, M.A, . . Is.

Treatise on Harbours and Coast Engineering,
by Thomas Stevenson, C.E, with Illustrations, . Is.

Water and Steam Power, by Thomas Fairbairn.
C.E, with Illustrations, .... Is.
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The following pages contain my Notes on the History and the

Illumination of Lighthouses
,
with a few additions in various

places, and Excerpts from my Account of the Skerry vore Light-

house
,
which were originally prepared at the desire of the

Commissioners of the Northern Lighthouses. I gladly

embrace this opportunity of acknowledging the liberality of

the Commissioners, who have now' put them at my disposal for

reproduction in any form that might seem desirable.

A. S.

Edinburgh, December 00, 1849.

Digitized by Google



TO

MONSIEUR LEONOR FRESNEL,
IN8PECTEUR DIVI8IONN AIRE DES POUTS ET CHAUS9EES,

SECRETAIRE EMERITE DE LA COMMISSION DES PUARE9,

&C. &c. kc.

My Dear Mr. Fresnel,

There is no one to whom I can

dedicate this small Volume so properly as to you. Much

of what it contains is founded on information which I

owe to your generosity and friendship. A great part of

it, also, is devoted to a description of the beautiful sys-

tem of Lighthouse Illumination invented by your late

distinguished Brother, Augustin Fresnel; who, to the

high intellectual endowments which have extended his

fame over the whole scientific world, united, in a re-

markable degree, those amiable qualities which endeared

him much to all who knew him, and most to those who

knew him best ; and from whom, when, in early youth,

Digitized by Google



VI

I accompanied my Father to Paris, I experienced much

consideration and kindness

:

Multis ille bonis flebilis occidit

;

Nulli flebilior quam tibi

!

I am.

My dear Friend,

With every sentiment of affection and respect,

Very faithfully yours,

Alan Stevenson.

Edinburgh. Dtc . 21, 1849.
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TREATISE ON LIGHTHOUSES.

HISTORY OF LIGHTHOUSES, ANCIENT AND
MODERN.

The early history of Lighthouses is very uncertain
;
and

some ingenious antiquaries, finding the want of authen-

tic records, have been anxious to supply the deficiency

by conjectures based upon casual and obscure allusions

in ancient writers, and by vague hypotheses drawn from

the heathen mythology. Certain writers have gone so

far as to imagine that the Cyclopes were the keepers of

lighthouses ; whilst others have actually maintained

that Cyclops was intended, by a bold prosopopoeia, to

represent a lighthouse itself ! A notion so fanciful de-

serves little consideration
;
and very ill accords with that

mythology of which it is intended to be an exposition,

as seems sufficiently plain from a passage in the ninth

Odyssey (1. 146), where Homer (who flourished about 907

B.C.), after describing the darkness of the night, in-

A
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2 HISTORY OF LIGHTHOUSES,

forms us that the fleet of Ulysses actually struck the

shore of the Cyclopean island, before it could be seen.

On the faith, also, of similar obscure and finely-drawn

etymologies, various places, such as Galpe and Abyla, the

opposite points of Africa and Europe, at the Straits of the

Mediterranean, have been unhesitatingly recognised as

the sites of celebrated light-towers
;
and the Latin words

turns and colurnna have been supposed primarily to sig-

nify a lighthouse, the first being written Tor-is, the Tower

offire, and the second Col-on, the Pillar of the Sun.

Nor does there appear any better reason for suppos-

ing, that, under the history of Tithonus, Chiron, or any

other personage of antiquity, the idea of a lighthouse

was conveyed
;
for such suppositions, however reconcile-

able they may appear with some parts of mythology, in-

volve obvious inconsistencies with others. It seems, in-

deed, most improbable, that, in those early times, when

navigation was so little practised, the advantages of bea-

con-lights were so generally known and acknowledged,

as to render them the objects of mythological allegory.

It must not, however, be imagined, that ancient writ-

ings are entirely destitute of allusions to the subject of

beacon-lights for the guidance of the mariner. The

venerable poet already noticed, in speaking of the shield

of Achilles, has beautifully described the flash of a bea-

con-light in some solitary place, as seen by seamen

leaving their friends, in lines, which contain ample

proof of the existence of such a provision for the safety

of the mariner in Homer’s time.

—

II., xix. 375.

In the English Bible the word beacon occurs but

once, and that in the Prophecies of Isaiah (xxx. 17), who
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ANCIENT AND MODERN. 3

lived above 200 years later than Homer ; but the ori-

ginal, as translated by the Seventy, merely imports a

flagstaff or perch, and does not at all imply the know-

ledge of beacon-lights among the Hebrews, who were

not a maritime people.

About 300 years before the Christian era, Chares, the

disciple of Lysippus, constructed the celebrated brazen

statue, called the Colossus of Rhodes. It was of such

dimensions^ to allow vessels to sail into the harbour

between its legs, which spanned the entrancd. There

is considerable probability in the idea, that this figure

served the purposes of a lighthouse ; but there is no

passage in any ancient writer, where this use of the Co-

lossus is expressly mentioned. Many inconsistencies oc-

cur in the account of this fabric by early writers, who,

in describing the distant objects which could be seen from

it, appear to have forgotten the corresponding height

which they must thus assign to the figure. The statue

was partly demolished by an earthquake, about eighty

years after its completion ; and so late as the year 672

of our era the brass of which it was composed was sold

by the Saracens to a Jewish merchant of Edessa, for

a sum, it is said, equal to £36,000.

Little is known with certainty regarding the Pharos

of Alexandria, which was regarded by the ancients as

one of the 6even wonders of the world. It was built in

the reign of Ptolemy Philadelphus, about 300 years be-

fore the Christian era ; and Strabo relates that Sostra-

tus, a friend of the royal family, was the architect. He
describes it as built in a wonderful manner, in many

storeys of white stone, on a rock forming the promon-
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4 HISTORY OF LIGHTHOUSES,

tory of the island Pharos (whence the tower derived its

name), and says that the building bore the inscription :

“ Sostratus of Cnidos, the son of Dexiphanes, to the

Gods, the Saviours, for the benefit of seamen.” He
concludes his brief notice of it by describing the neigh-

bouring shores as low and encumbered with shoals and

snares, and as calling for the establishment of a lofty

and bright beacon, as a sign for sailors arriving from the

ocean to guide them into the entrance to the haven.

—

(See Strabo, Oxon., 1807, page 1123 ;
Plin. Nat. Hist.,

ii. 87, v. 31, xiii. 21.)

The accounts which have come down to us of the

dimensions of this remarkable edifice are exceedingly

various
;
and the statements of the distance at which it

could be seen are clearly fabulous. That of Josephus

(who likens it to the second of Herod’s three towers at

Jerusalem, called Phasael, in honour of his brother) is

the least removed from probability; yet even he in-

forms us, that the fire which burnt on the top to enable

seamen to anchor in sight of it, before coming near the

shore, and so to avoid the difficulty of the navigation by

night, was visible at a distance equal to about thirty-

four English miles. Such a range for a lighthouse on

the low shores of Egypt, would require a tower about

550 feet in height!* Ammianus Marcellinust and

Pliny J are both very circumstantial in their notices of

the Pharos as a beacon-light to guide seamen in ap-

* Bell. Judaic, iv., cap. 10, sec. 5, and vi., sec. 3.

•f
Ammianus Marcellinus, 1. xxii., c. 16.

I Plinii Hist. Nat., xxxvi. 18.
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ANCIENT AND MODERN. 5

proaching the coast of Egypt and port of Alexandria.

The latter adds the interesting fact, that the cost of the

tower was reckoned at a sum equal to about £390,000

of our money
; and both of them agree in stating, that

a light was shewn from it at night. Ammianus Mar-

cellinus differs from all the other writers, in attributing

the erection of the tower to Queen Cleopatra. Pliny

mentions in passing, that there were also lighthouses at

Ostia and Ravenna.

If the reports of some writers are to be believed, this

tower must have far exceeded in size the great Pyramid

itself ; but the fact that a building, of comparatively so

late a date, should have so completely disappeared, whilst

the Pyramid remains almost unchanged, is a sufficient

reason for rejecting, as erroneous, the dimensions which

have been assigned by most writers to the Pharos of

Alexandria. Some have pretended that large mirrors

were employed to direct the rays of the beacon-light on

its top, in the most advantageous direction ; but, in so

far as I know, there is no definite evidence in favour of

this supposition. Others, with greater probability, have

imagined that this celebrated beacon was known to ma-

riners, simply by the uncertain and rude light afforded

by a common fire. The poet Lucan, on most occasions

sufficiently fond of the marvellous, speaks of the Pharos

as having indicated to Julius Caesar his approach to

Egypt on the seventh night after he sailed from Troy

;

but he takes no notice of the gigantic mirrors which it

is said to have contained. It is true that, by using the

word “ lampada," which can only with propriety be ap-

plied to a more perfect mode of illumination than an
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6 HISTORY OF LIGHTHOUSES,

open fire, lie appears to indicate that the “fiammis

”

of

which he speaks, were not so produced. The word “ lam-

pada” may, however, be used metaphorically, and “flam-

mis

"

would, in this case, not improperly describe the ir-

regular appearance of a common fire.*

Perhaps, also, the opinion that some kind of lamp was

used in the Pharos, may seem to receive countenance

from the remarkable words of Pliny, in the passage

above cited—“ Periculum in continuatione ignium, ne

sidus existimetur, quoniam e longinquo similis flamma-

rum aspectus est.” The fear he expresses, lest the light

viewed from a distance should be mistaken for a star,

could hardly be applicable to the diffuse, oscillating, lam-

bent light derived from an open fire, and certainly gives

some reason for imagining that, even at that remote

time, the art of illuminating lighthouses was better un-

derstood than in the early part of the present century.

Casual notices of the Pharos are also to be found in

Caesar’s Commentaries,Valerius Flaccus, and Pomponius

Mela.f At Alexandria there is a modern lighthouse

called the Pharos, which is maintained by the Pacha of

Egypt. It may not, perhaps, be unwarrantable to sup-

pose that the word Pharos, as applied to a lighthouse, is a

Hellenic form of Phrah, the Egyptian name of the Sun.

Mr Moore, in his History of Ireland, vol. i., p. 16,

speaks of the Tower of CoruHa, which he says is men-

tioned in the traditionary history of that country as a

lighthouse erected for the use of the Irish in their fre-

* Pharsal., ix. 1004.

•j
- Caesar de Bell. Civil., iii

;
Argonaut, vii., 84 ; Pompon.

Mela, ii., 7.
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quent early intercourse with Spain. In confirmation of

this opinion, he cites a somewhat obscure passage from

uEthicus, the cosmographer. This, in all probability, is

the tower which Humboldt mentions in his Narrative

under the name of the Iron Tower, which was built as a

lighthouse by Caius Saevius Lupus, an architect of the

city of Aqua Flavia, the modern Chaves. A lighthouse

has lately been established on this headland, for which

dioptric apparatus was supplied from the workshop of

M. L6tourneau of Paris.*

There is also a record in Strabo of a magnificent

lighthouse of stone at Capio, or Apio, near the harbour

of Menestheus (the modern Mesa Asta or Puerto de

Sta. Maria), built on a rock nearly surrounded by the

sea, as a guide for the shallows at the mouth of the

Guadalquiver, which he describes in terms almost iden-

tical with those used by him in speaking of the Pharos of

Alexandria. I am not aware of any other notice of this

great work, for such it seems to have been, to have de-

served the praises of Strabo.

f

In Camden’s Britannia, a passing notice is taken of

the ruins called Ccesars Altar, at Dover, and of the

Tour d'Ordre, at Boulogne, on the opposite coast; both

of which are conjectured, on I know not what authority,

to have been ancient lighthouses. Pennant describes the

remains of a Roman Pharos near Holywell, but cites no

authorities for his opinion as to its use. There were like-

wise remains of a similar structure at Flamboroughhead.

* See also a curious account of the traditions about this tower

in Southey’s Letters from Spain and Portugal, p. 17.

f Oxon. 1807, p. 184.
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8 HISTORY OF LIGHTHOUSES,

A very meagre and unintelligible account is also given

of a lighthouse at St Edmund’s Chapel, on the coast of

Norfolk, in Gough’s additions to Camden, by which it

might seem that the lighthouse was erected in 1272.*

Such seems to be the sum of our knowledge of the

ancient history of lighthouses, which, it must be admit-

ted, is neither accurate nor extensive. Our information

regarding modern lighthouses is of course more minute

in its details and more worthy of credit. The greater

part of it is drawn from authentic sources ; and much

of what is afterwards stated is the result of my own ob-

servation, during my visits to the most important light-

houses of Europe.

The first lighthouse of modern days that merits atten-

tion, is the Tour de Corduan, which, in point of archi-

tectural grandeur, is unquestionably the noblest edifice

of the kind in the world. It is situate on an extensive

reef at the mouth of the river Garonne, and serves as a

guide to the shipping of Bourdeaux and the Languedoc

Canal, and indeed of all that part of the Bay of Biscay.

It was founded in the year 1584, but was not completed

till 1610, under Henri IV. It is minutely described in

Belidor’s Architecture Hydraulique. The building is

197 feet in height, and consists of a pile of masonry,

forming successive galleries, enriched with pilasters and

friezes, and rising above each other with gradually

* Gough’s Camden’s Britannia, vol. i., 318, and vol. ii., p. 198.

Batcheller, in his Dover Guide (1845, p. Ill), says, that the

Dover Pharos was built “ during the lieutenancy of Aulus Plautius

and 08toriu8 Scapula, the latter of whom left Britain A.D. 53.”

—Pennant'8 History of Whiteford and Holywell, p. 112.
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diminished diameters. Those galleries are surmounted

by a conical tower, which terminates in the lantern.

Round the base is a wall of circumvallation, 134 feet in

diameter, in which the lightkeepers’ apartments are

formed, somewhat in the style of casemates. This wall

is an outwork of defence, and receives the chief shock

of the waves. The tower itself contains a chapel, and

various apartments
;
and the ascent is by a spacious

staircase. The first light exhibited in the Tour de Cor-

duan was obtained by burning billets of oak wood, in a

chauffer at the top of the tower ; and the use of coal in-

stead of wood, was the first improvement which the light

received. A rude reflector, in the form of an inverted

cone, was afterwards added, to prevent the loss of light

which escaped upwards. About the year 1780, M. Lenoir

was employed to substitute paraboloidal reflectors and

lamps ; and in 1822, the light received its last improve-

ment, by the introduction of the dioptric instruments of

Augustin Fresnel, the celebrated French Academician.

The history of the famous lighthouse on the Eddy-

stone Rocks is well known to the general reader, from

the “ Narrative” of Smeaton the Engineer. Those rocks

are 9£ miles distant from the Ram-Head, on the coast

of Cornwall ; and from the small extent of the surface

of the chief rock and its exposed situation, the construc-

tion of the lighthouse was a work of very great diffi-

culty. The first erection was of timber, designed by Mr
Winstanley ; and was commenced in 1696. The light

was exhibited in November 1698. It was soon found,

however, that the sea rose upon that tower to a much

greater height than had been anticipated ; so much so,

a 2
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10 HISTORY OF LIGHTHOUSES,

it is said, as to “ bury under the water” the lantern,

which was sixty feet above the rock ; and the engineer

was therefore afterwards under the necessity of enlarg-

ing the tower, and carrying it to the height of 120 feet.

In November 1703, some considerable repairs were re-

quired, and Mr Winstanley, accompanied by his work-

men, went to the lighthouse to attend to their execution

;

hut the storm of the 26th of that month carried away

the whole erection, when the engineer and all his assist-

ants unhappily perished

!

The want of a light on the Eddystone, soon led to a

fatal accident ; for not long after the destruction of Mr
Winstanley’s lighthouse, the Winchilsea man-of-war

was wrecked on the Eddystone Rocks, and most of her

crew were lost. Three years, however, elapsed, after

this melancholy proof of the necessity for a light, before

the Trinity-House of London could obtain a new Act of

Parliament, to extend their powers
;
and it was not till

the month of July 1706, that the construction of a new

lighthouse was begun under the direction of Mr John

Rudyerd of London. On the 28th of July 1708, the

new light was first shewn, and it continued to be regu-

larly exhibited till the year 1755, when the whole fabric

was destroyed by accidental fire, after it had stood forty-

seven years. But for this circumstance, it is impossible

to tell how long the lighthouse might, with occasional

repair, have lasted, as Mr Rudyerd seems to have exe-

cuted his task with much judgment, carefully rejecting

all architectural decoration, as unsuitable for such a

situation, and directing his attention to the formation

of a tower which should offer the least resistance to the
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ANCIENT AND MODERN. 11

waves. The height of the tower, which was of a conical

form, and constructed of timber, was 92 feet, including

the lantern ; and the diameter at the base, which was a

little above the level of high water, was 23 feet.

The advantages of a light on the Eddystone having

been so long known and acknowledged by seamen, no

time was permitted to elapse before active measures

were taken for its restoration ; and Smeaton, to whom

application was made for advice on the subject, recom-

mended the exclusive use of stone as the material, which,

both from its weight and other qualities, he considered

most suitable for the situation. On the 5th of April

1756, Smeaton first landed on the rock, and made ar-

rangements for erecting a lighthouse of stone and pre-

paring the foundations, by cutting the surface of the

rock into regular horizontal benches, into which the

stones were carefully dovetailed or notched. The first

stone was laid on 12th June 1757, and the last on the

24th of August 1759. The tower measures 68 feet in

height, and 26 feet in diameter at the level of the first

entire course; and the diameter under the cornice is

15 feet. The first 12 feet of the tower form a solid

mass of masonry ;
and the stones of which it is com-

posed are united by means of stone joggles, dovetailed

joints, and oaken treenails. It is remarkable that

Smeaton should have adopted an arched form for the

floors of his building, instead of employing the floors as

tie-walls formed of dovetailed stones. To counteract

the injurious tendency of the outward thrust of those

arched floors, he had recourse to the ingenious expe-

dient of laying, in circular trenches or grooves cut in
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12 HISTORY OF LIGHTHOUSES,

the stones which form the outside casing, tie-belts of

chain which were heated before being set in the grooves

by means of an application of hot lead, and became

tight on cooling after they were fixed in the wall. The

light was exhibited on the 16th October 1759 ; but such

was the state of lighthouse apparatus in Britain at that

period, that a feeble light from tallow candles was all

that decorated this noble structure. In 1807, when the

property of this lighthouse again came into the hands

of the Trinity-House, at the expiry of a long lease, Ar-

gand burners, and paraboloidal reflectors of silvered cop-

per, were substituted for the chandelier of candles.

The dangerous reef called the Inch Cape or Bell

Rock, so long a terror to mariners, was well known to

the earliest navigators of Scotland. Its dangers were

so generally acknowledged, that the Abbots of Aber-

brothwick, from which the rock is distant about twelve

miles, caused a float to be fixed upon the rock with a

bell attached to it, which, being swung by the motion

of the waves, served by its tolling to warn the mariner

of his approach to the reef. From this circumstance,

which formed the groundwork of Southey’s striking bal-

lad of Sir Ralph the Rover, the rock is said to have de-

rived its name. Amongst the many losses which occur-

red on the Bell Rock in modern times, one of the most

remarkable is that of the York, seventy-four, with all

her crew, part of the wreck having been afterwards

found on the rock, and part having come ashore on the

neighbouring coast. During the survey of the rock,

also, several instances were discovered of the extent of

loss which this reef had occasioned ; and many articles
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ANCIENT AND MODERN. 13

of ship’s furnishings were picked up on it, as well as

various coins, a bayonet, a silver shoe-buckle, and many

other small objects. Impressed with the great import-

ance of some guide for the Bell Rock, Captain Brodie,

R.N., set on foot a small subscription, and erected a

beacon of spars on the rock, which, however, was soon

destroyed by the sea. He afterwards constructed a

second beacon, which soon shared the same fate. It

was not, therefore, until 1802, when the Commissioners

of Northern Lighthouses brought a bill into Parliament

for power to erect a lighthouse on it, that any efficient

measures were contemplated for the protection of seamen

from this rock, which, being covered at every spring-

tide to the depth of from twelve to sixteen feet, and

lying right in the fairway to the Friths of Forth and

Tay, had been the occasion of much loss both of property

and life. In 1806, the bill passed into a law
;
and va-

rious ingenious plans were suggested for overcoming the

difficulties which were apprehended, in erecting a light-

house on a rock twelve miles from land, and covered to

the depth of twelve feet by the tide. But the sugges-

tion of Mr Robert Stevenson, the engineer to the Light-

house Board, after being submitted to the late Mr
Rennie, was at length adopted ; and it was determined

to construct a tower of masonry, on the principle of the

Eddystone. On the 17th of August 1807, Mr Steven-

son accordingly landed with his workmen, and com-

menced the work by preparing the rock to receive the

supports of a temporary pyramid of timber, on which a

barrack-house for the reception of the workmen was to

be placed ; and during this operation, much hazard was
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14 HISTORY OF LIGHTHOUSES,

often incurred in transporting the men from the rock,

which was only dry for a few hours at spring-tides, to

the vessel which lay moored off it. The lowest floor of

this temporary erection, in which the mortar for the

building was prepared, was often broken up and removed

by the force of the sea. The foundation for the tower

having been excavated, the first stone was laid on the

10th July 1808, at the depth of sixteen feet below the

high water of spring-tides ; and at the end of the second

season, the building was five feet six inches above the

lowest part of the foundation. The third season’s opera-

tions terminated by finishing the solid part of the struc-

ture, which is thirty feet in height
;
and the whole of

the masonry was completed in October 1810. The light

was first exhibited to the public on the night of the 1st

of February 1811. The difficulties and hazards of this

work were chiefly caused by the short time during which

the rock was accessible between the ebbing and flowing

tides
;
and amongst the many eventful incidents which

render the history of this work interesting, was the nar-

row escape which the engineer and thirty-one persons

made from being drowned, by the rising of the tide upon

the rock, before a boat came to their assistance, at a time

when the attending vessel had broken adrift. This

circumstance occurred before the barrack-house was

erected, and is narrated by Mr Stevenson, in his Account

of the work, published at the expense of the Lighthouse

Board in 1824, to which I would refer for more minute

information on the subject of this work and other light-

houses on the coast of Scotland.

The Bell Rock Tower is 100 feet in height, 42 feet in
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diameter at the base, and 15 at the top. The door is

30 feet from the base, and the ascent is by a massive

bronze ladder. The apartments, including the lightroom,

are six in number. The light is a revolving red and

white light

;

and is produced by the revolution of a frame

containing sixteen Argand lamps, placed in the foci of

paraboloidal mirrors, arranged on a quadrangular frame,

whose alternate faces have shades of red glass placed

before the reflectors, so that a red and white light is

shewn successively. The machinery, which causes the

revolution of the frame containing the lamps, is also ap-

plied to tolling two large bells, in order to give warn-

ing to the mariner of his approach to the rock in foggy

weather. The erection of the Bell Bock Lighthouse cost

£61,331, 9s. 2d.

The most remarkable lighthouse on the coast of Ire-

land is that of Carlingford near Cranfield Point, at the

entrance of Carlingford Lough. It was built according

to the design of Mr George Halpin, the Inspector of the

Irish Lights ; and was a work of an arduous nature, be-

ing founded 12 feet below the level of high water, on

the Hawlbowling Bock, which lies about two miles off

Cranfield Point. The figure of the tower is that of the

frustum of a cone, 111 feet in height, and 48 in diame-

ter at the base. The light, which is fixed, is from oil

burned in Argand lamps, placed in the foci of parabo-

loidal mirrors. It was first exhibited on the night of

December 20, 1830.

The Skerryvore Bocks, which lie about 12 miles

WSW. of the seaward point of the Isle of Tyree, in Ar-

gyllshire, were long known as a terror to mariners, owing
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16 HISTORY OF LIGHTHOUSES,

to the numerous shipwrecks, fatal alike to the vessels

and the crews, which had occurred in their neighbour-

hood. A list, confessedly incomplete, enumerates thirty

vessels lost in the forty years preceding 1844 ; but how

many others, which during that period had been reported

as “ foundered at sea,” or as to whose fate not even an

opinion has been hazarded, may have been wrecked on

this dangerous reef, which lies so much in the track of

the shipping of Liverpool and the Clyde, it would be

vain to conjecture.* The Commissioners of the Northern

Lighthouses had for many years entertained the project

of erecting a lighthouse on the Skerryvore
; and with this

object had visited it, more especially in the year 1814,

in company with Sir Walter Scott, who, in his diary,

gives a graphic description of its inhospitable aspect.

The great difficulty of landing on the rock, which is worn

smooth by the continual beat of Atlantic waves, which

rise with undiminished power from the deep water near

it, held out no cheering prospect
;
and it was not until

the year 1834, when a minute survey of the reef was

ordered by the Board, that the idea of commencing this

formidable work was seriously embraced.

The reef is composed of numerous rocks, stretching

over a surface of nearly 8 miles from WSW. to ENE.
The main nucleus, which alone presents sufficient surface

for the base of a lighthouse, is nearly 3 miles from the

* The islanders of Tyree made regular trips after storms to the

Rock, and often returned with their boats loaded with wreck.

Even during the progress of the works, a ship's anchor, and some

chain cable much rusted, and other articles, were fished from the

hollows of the reef.
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seaward end of the cluster. It is composed of a very-

compact gneiss, worn smooth as glass by the incessant

play of the waters, and is so small that at high water

little remains around the base of the tower but a narrow

band of a few feet in width, and some rugged humps of

rock, separated by gullies through which the sea plays

almost incessantly. The cutting of the foundation for

the tower in this irregular flinty mass occupied nearly

two summers ; and the blasting of the rock, in so narrow

a space, without any shelter from the risk of flying

splinters, was attended with much hazard.

In such a situation as that of Skerryvore everything

was to be provided beforehand and transported from a

distance
;
and the omission in the list of wants of even a

little clay for the tamping of the mine-holes, might for a

time have entirely stopped the works. Barracks were to

be built at the workyard in the neighbouring Island of

Tyree, and also in the Isle of Mull, where the granite for

the tower was quarried. Piers were also built in Mull

and Tyree for the shipment and landing of materials ;

and at the latter place a harbour or basin, with a reser-

voir and sluices for scouring the entrance, were formed

for the accommodation of the small vessel which attends

the lighthouse. It was, besides, found necessary, in

order to expedite the transport of the building mate-

rials from Tyree and Mull to Skerryvore Rock, to build

a steam-tug, which also served, in the early stages of

the work, as a floating barrack for the workmen. In

that branch of the service she ran many risks, while

she lay moored off the rock in a perilous anchorage,

with two-thirds of the horizon of foul ground, and a
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18 HISTORY OF LIGHTHOUSES,

rocky and deceitful bottom on which the anchor often

tripped.

The operations at Skerryvore were commenced in the

summer of 1838, by placing on the rock a wooden bar-

rack, similar to that first used by Mr Robert Stevenson

at the Bell Rock. (See Plate II.) The framework

was erected in the course of the season on a part of the

rock as far removed as possible from the proposed foun-

dation of the lighthouse tower ; but in the great gale

which occurred on the night of the 3d of November fol-

lowing, it was entirely destroyed and swept from the

rock, nothing remaining to point out its site but a few

broken and twisted iron stancheons, and attached to one

of them a piece of a beam so shaken and rent by dash-

ing against the rock as literally to resemble a bunch of

laths. Thus did one night obliterate the traces of a sea-

son’s toil, and blast the hopes which the workmen fondly

cherished of a stable dwelling on the rock, and of refuge

from the miseries of sea-sickness, which the experience

of the season had taught many of them to dread more

than death itself. After the removal of the roughest

part of the foundation of the tower had been nearly com-

pleted, during almost two entire seasons, by the party

of men who lived on board the vessel while she lay

moored off the rock, a second and successful attempt was

made to place a second beacon of the same description,

but strengthened by a few additional iron ties, h b ,

and a centre post, o o, in a part of the rock less ex-

posed to the breach of the heaviest waves than the

site of the first barrack had been. This second house

braved the storm for several years after the works were
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finished, when it was taken down and removed from the

rock to prevent any injury from its sudden destruction

by the waves. Perched 40 feet above the wave-beaten

rock, in this singular abode, the writer of this little

volume, with a goodly company of thirty men, has spent

many a weary day and night at those times when the

sea prevented any one going down to the rock, anxiously

looking for supplies from the shore, and earnestly long-

ing for a change of weather favourable to the recom-

mencement of the works. For miles around nothing

could be seen but white foaming breakers, and nothing

heard but howling winds and lashing waves. At such

seasons much of our time was spent in bed ; for there

alone we had effectual shelter from the winds and the

spray, which searched every cranny in the walls of the

barrack. Our slumbers, too, were at times fearfully in-

terrupted by the sudden pouring of the sea over the roof,

the rocking of the house on its pillars, and the spurting

of water through the seams of the doors and windows,

symptoms which to one suddenly aroused from sound

sleep, recalled the appalling fate of the former barrack,

which had been engulphed in the foam not twenty yards

from our dwelling, and for a moment seemed to summon

us to a similar fate. On two occasions, in particular,

those sensations were so vivid as to cause almost every

one to spring out of bed
;
and some of the men fled from

the barrack by a temporary gangway, to the more stable

but less comfortable shelter afforded by the bare wall of

the lighthouse tower, then unfinished, where they spent

the remainder of the night in the darkness and the cold.

The design for the Skerryvore Lighthouse was given
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by the writer of this volume, and was an adaptation of

Smeaton’s Eddystone Tower to the peculiar situation and

the circumstances of the case at the Skerryvore, with

such modifications in the general arrangements and di-

mensions of the building, as the enlarged views of the

importance of lighthouses which prevail in the present

day seemed to call for. These peculiarities will, how-

ever, be noticed incidentally in a subsequent part of this

volume which treats of the construction of lighthouse

towers ; and it will only be necessary in this place to

notice a few of the principal dimensions of the building,

and some circumstances connected with the work.

The quarries in Tyree having failed to produce an

adequate supply of materials for the work, recourse was

had to the granite rock of the Ross of Mull, access to

which, free of all tax or ground-rent, was, in the most

liberal manner, granted by the proprietor, His Grace the

Duke of Argyll. This change of operations involved, as

already noticed, the cost of a separate establishment in

the Isle of Mull, as well as the expense attending the

double reshipment of the materials, and their transport

from Mull to Tyree, a passage of about 30 miles through

a very rough seaway. The produce of the Mull quarries

exceeds anything in the modern statistics of granite

quarries with which I am acquainted
;
and those who

feel an interest in the subject of quarrying and dressing

granite, may find the principal details given between

pages 112 and 127 of the Account of the Skerryvore

Lighthouse.

The Skerryvore Tower is 138 feet 6 inches high, and

42 feet in diameter at the base, and 16 feet at the top.
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It contains a mass of stone work of about 58,580 cubic

feet, or more than double that of the Bell Rock, and not

much less than five times that of the Eddystone. The

lower part of the tower was built by means ofjib-cranes
,

and the upper part with shear-poles, needles, and a bal-

ance-crane. The shear-poles were similar to those used

by Smeaton at the Eddystone
;
and the jib-cranes and

balance-crane were the same as those which were de-

signed for and first employed by Mr Robert Stevenson,

in the erection of the Bell Rock Lighthouse. The bal-

ance-crane used at Skerryvore, which was necessarily

somewhat larger than that of the Bell Rock, is shewn at

Plate III., in which a 6 is a portion of a cast-iron pipe

or pillar, erected in the centre of the tower, and suscep-

tible of being lengthened as the tower rose, by means of

additional pieces of pillar let in by spigot and faucet

joints. On this pillar a frame of iron was placed, capable

of revolving freely round it, and carrying two trussed

arms and a double train of barrels and gearing, worked

by men standing on the stages S S, which revolved

round a b, along with the framework of the crane from

which they hung. On the one arm hung a cylindric

weight of cast-iron W, which could be moved along it

by means of the gearing, so as to increase or diminish

by leverage its effect as a counterpoise ; and on the

other was a roller R. The roller was so connected

with the weight on the opposite arm, as to move along

with it, receding from or approaching to the centre pil-

lar of iron in the same manner as the weight did. From

the roller hung a sheave, over which a chain moved, with

a hook B at the end for raising the stones. When a
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stone was to be raised, the weight and the sheave were

drawn out to the end of the arms at P of the crane, which

projected over the outside of the walls of the tower, and

they were held in their places by simply locking the

gearing which moved them. The second train of gear-

ing was then brought into play to work the chain which

hung over the sheave, and so to raise the stone to a height

sufficient to clear the top of the wall. When in that

position, the first train of gearing was slowly unlocked,

and the slight declivity inwards from the end of the

arms formed an inclined plane ,
along which the roller

carrying the sheave was allowed slowly to move (one

man using a break on the gearing to prevent a rapid

run), while the first train of gearing was slowly wound

by the others, so as to take up the chain which passed

over the sheave, and thus to keep the stone from de-

scending too low in proportion as it approached the centre

of the tower. When the stone so raised had reached

such a position as to hang right over the wall, the crane

was made to turn round the centre column in any direc-

tion that was necessary, in order to bring it exactly

above the place where it was to be set ; and by working

either train of gearing, it could be moved horizontally

or vertically in any way that was required. A needle

is merely a beam projecting from the building, with a

pulley at its outer end, through which a chain is worked

by means of a crab placed inside the tower ; it was

used for raising the stone to such a level as to be within

reach of the chain from the balance-crane on the top of

the building.

The mortar used at the Skerryvore was compounded
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of equal parts of limestone (from the Halkin Mountain,

near Holywell, in North Wales), burnt and ground at

the works, and of Pozzolano earth. The mixture was

carefully beaten up to the required consistency with sea-

water. All the joints of each course of the building were

carefully filled with grout, which is cement in a fluid

state.

The light of Skerryvore is revolving, and reaches its

brightest state once every minute. It is produced by

the revolution of eight great annular lenses around a

• central lamp with four wicks, and belongs to the first

order of dioptric lights in the system of Fresnel. It is

identical with that which is shewn in Plates IV. and V.,

and described in the second part of this treatise. The

light may be seen from a vessel’s deck at the distance

of eighteen miles.

The entire cost of the lighthouse, including the pur-

chase of the steam-vessel, and the building of the har-

bour at Hynish for the reception of the small vessel

which now attends the lighthouse, was £86,977, 17s. 7d.,

the detailed items of which will be found in the Appendix

to the Account of the Lighthouse, already alluded to.

In such a situation as the Skerryvore, innumerable

delays and disappointments were to be expected by those

engaged in the work ; and the entire loss of the fruit of

the first season’s labour in the course of a few hours, was

a good lesson in the school of patience, and of trust in

something better than an arm of flesh. During our pro-

gress, also, cranes and other materials were swept away

by the waves ; vessels were driven by sudden gales to

seek shelter at a distance from the rocky shores of Mull
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and Tyree ; and the workmen were left on the rock de-

sponding and idle, and destitute of many of the comforts

with which a more roomy and sheltered dwelling, and

the neighbourhood of friends, are generally connected.

Daily risks were run in landing on the rock in a heavy

surf, in blasting the splintery gneiss, or by the falling

of heavy bodies from the tower on the narrow space be-

low, to which so many persons were necessarily confined.

Yet had we not any loss of either life or limb
;
and al-

though our labours were prolonged from dawn to night,

and our provisions were chiefly salt, the health of the •

people, with the exception of a few slight cases of dysen-

tery, was generally good throughout the six successive

summers of our sojourn on the rock. The close of the

work was welcomed with thankfulness by all engaged

in it ; and our remarkable preservation was viewed, even

by many of the most thoughtless, as, in a peculiar man-

ner, the gracious work of Him by whom “ the very hairs

of our heads are all numbered.”
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ON THE CONSTRUCTION OF LIGHTHOUSE-TOWERS.

In making a design for a Lighthouse-Tower in a situa-

tion exposed to the force of the waves, numerous con-

siderations at once present themselves to the engineer ;

and it is difficult to assign to any one of them a priority

in the train of thought which eventually conducts him

to the formation of his plan. These considerations, how-

ever, may be conveniently divided into two classes :

—

1st, Those which refer to elements common to light-

houses in all situations, and differ only in amount, such

as the height of the tower necessary for commanding a

given visible horizon, and the accommodation required for

the lightkeepers and the stores
;
and, 2d, Those which are

peculiar to towers in exposed situations, and which refer

solely to their fitness to resist the force of the waves which

tends to overturn or destroy them. The first class of con-

siderations is so extremely simple, as to require but few

remarks in this place. The distance at which it is desira-

ble that a light should be visible being ascertained, with

reference to the nature of the surrounding seas and the ex-

tent to which any dangerous or foul ground lies seaward

of the proposed lighthouse, the height of the tower is at

once determined by means of the known relations which

subsist between the spheroidicity of the earth, the effects

of atmospheric refraction, and the height required for an
B
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object which is to be seen from a given distance. The

question regarding the space to be provided in the inte-

rior of the tower, can only be properly answered by a per-

son who has a minute practical acquaintance with the

peculiar internal economy and management of a light-

house. The accommodation required for lighthouses in

exposed situations must, in a considerable degree, de-

pend upon the greater or less facility of access to them,

and the opportunities for replenishing the stores of all

kinds which are in daily consumption. In such places,

also, the risk of accidents naturally leads to the precau-

tion of retaining additional lightkeepers, and of having

duplicates, or even triplets, of those parts of the apparatus

that are liable to be injured. Of such circumstances,

corresponding extension of the space devoted to the re-

ception of stores and the accommodation of the light-

keepers, is the necessary consequence. In the long

nights of winter, when the lamps are kept burning in

the northern parts of Great Britain for about seventeen

hours, during which time they are never left for a mo-

ment without the superintendence of at least one keeper,

the care of the light, even in the most favourable situa-

tions, necessarily occupies at least two persons ; but in

places like the Eddystone, the Bell Bock, and the Sker-

ryvore, where it sometimes happens that six or eight

weeks elapse without its being possible to effect a land-

ing, it has been thought necessary that there should

never be fewer than three keepers on duty. This addi-

tion to the ordinary establishment of a lighthouse calls

for a greater number of sleeping-cabins, and, at the

same time, involves a corresponding increase in the sup-
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ply of water, fuel, and other provisions, requiring much

additional stowage. So far, therefore, a light-tower in

an exposed situation, differs from one on shore only in

the extent of its internal accommodation.

The second class of considerations, which must guide

the engineer in framing a design for a light-tower which

is exposed to the force of the waves, refers solely to the

stability of the building.

The first observation which must occur to any one

who considers the subject is, that we know little of the

nature, amount, and modifications of the forces, on the

proper investigation of which the application of the prin-

ciple which regulates the construction must be based.

When it is recollected, that, so far from possessing any

accurate information regarding the momentum of the

waves, we have little more than conjecture to guide us,

it will be obvious, that we are not in a situation to esti-

mate the power or intensity of those shocks to which sea-

towers are subject ; and much less can we pretend to

deal with the variations of these forces which shoals

and obstructing rocks produce, or to determine the power

of the waves as destructive agents. No systematic or

intelligible attempt has been made practically to mea-

sure the force of the waves, so as to furnish the engineer

with a constant to guide him in his attempts to oppose

the inroads of the ocean. The only experiments, in-

deed, on the subject, are those of Mr Thomas Stevenson,

civil engineer, who had long entertained the idea of re-

gistering the force of the impulse of the waves, and

lately contrived an instrument for the purpose, which

he has applied at various parts of the coast. The re-
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suits he has detailed in the Transactions of the Royal

Society of Edinburgh of 20th January 1845. It would

naturally be expected, that the force of the waves should

vary according to the season of the year and the nature

of the exposure ; and this expectation is fully justified

by the indications of the Marine Dynamometer. Thus

it appears, that during five summer months of 1843

and 1844, the average indications registered at different

places near Tyree and Skerryvore, gave 611 lb. of pres-

sure per square foot of surface exposed to the waves ;

while the average for the winter months for the same

places during those two years, gave 2086 lb. per square

foot, or upwards of three times that of the summer

months. It also appears, that the greatest result as yet

obtained at Skerryvore Rock was 4335 lb. per square

foot ; while that observed on the Bell Rock was 3013

lb., or one-fourth part less than that of Skerryvore.

But these experiments have not been continued long

enough, nor, as yet, applied to a sufficient variety of

places to render them available for the engineer. In

the present state of our information, therefore, we can-

not be said to possess the elements of exact investiga-

tion, and must consequently be guided chiefly by the

results of those numerous cases which observation col-

lects, and which reason arranges, in the form which

constitutes what is called professional eaperience. This

kind of experience can only be acquired by long habit

in carefully observing the appearance and effects of

waves in different situations, and under various circum-

stances. We must attend to their magnitude and velo-

city, their level in regard to the rocks on which they
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break, the height of the spray caused by their collision

against the shore, the masses of rock which they have

been able to move, and those which have successfully

resisted their assault; as also, where such exist, the

slopes of the shores produced by the waves, viewed in

connection with the nature of the materials composing

the beach, with many other transient features which an

experienced eye seizes and fixes in the mind as ele-

ments of primary importance in determining the power

of the sea to produce certain effects. Such phenomena,

with all their features and circumstances, we may carry

in our recollection ; and by comparing them with what

has been observed at places where we know that arti-

ficial works have resisted the shocks of the waves, we

may in some cases successfully arrive at a conclusion as

to what works will, at all events, be within the bounds

of safety. We must not, however, in any case, venture

to approach very near the limit of stability, so long as

we continue to labour under our present disadvantages

of defective information on some of the most important

elements in the inquiry. If it be asked, therefore, how

the size and form of buildings exposed to the shock of

the waves are to be determined, the answer must be,

that, in any given case, the problem is to be solved

chiefly by the union of an extensive knowledge of what

the sea has done against man, and how, and to what

extent, man has succeeded in controlling the sea ; to-

gether with a cautious comparison of the circumstances

which modify and affect any given case which has not

been the object of direct experience ; nor does it seem

possible as yet to found the art of engineering, in so far
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as it refers to this class of works, upon any more exact

basis. The uncertainty which must ever attend such

reasoning can only, it is obvious, be dispelled by actual

experience of the result; and time only can test the

success of our schemes in all cases of difficulty.

A primary inquiry, as to towers in an exposed situa-

tion, is the question, whether their stability should de-

pend upon their strength or their weight

;

or, in other

words, on their cohesion, or their inertia ? In prefer-

ring weight to strength, we more closely follow the course

pointed out by the analogy of nature
; and this must not

be regarded as a mere notional advantage, for the more

close the analogy between nature and our works, the

less difficulty we shall experience in passing from na-

ture to art, and the more directly will our observations •

on natural phenomena bear upon the artificial project.

If,, for example, we make a series of observations on the

force of the sea, as exerted on masses of rock, and en-

deavour to draw from those observations some conclu-

sions as to the amount and direction of that force, as

exhibited by the masses of rock which resist it success-

fully and the forms which those masses assume, we shall

pass naturally to the determination of the mass andform

of a building which may be capable of opposing similar

forces, because we conclude, with some reason, that the

mass and form of the natural rock are exponents of the

amount and direction of the forces they have so long con-

tinued to resist. It will readily be perceived, that we are

in a very different and less advantageous position when

we attempt, from such observations of natural pheno-

mena in which weight is solely concerned, to deduce the
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strength of an artificial fabric capable of resisting the

same forces
;
for we must at once pass from one cate-

gory to another, and endeavour to determine the strength

of a comparatively light object which shall be able to

sustain the same shock, which we know, by direct expe-

rience, may be resisted by a given weight. Another very

obvious reason why we should prefer mass and weight

to strength, as a source of stability, is, that the effect of

mere inertia is constant and unchangeable in its nature ;

while the strength which results, even from the most ju-

diciously-disposed and well-executed fixtures of a com-

paratively light fabric, is constantly subject to be im-

paired by the loosening of such fixtures, occasioned by

the almost incessant tremor to which structures of this

kind must be subject, from the beating of the waves.

Mass, therefore, seems to be a source of stability, the

effect of which is at once apprehended by the mind, as

more in harmony with the conservative principles of na-

ture, and unquestionably less liable to be deteriorated

than the strength, which depends upon the careful pro-

portion and adjustment of parts.

Having satisfied himself that weight is the most eligi-

ble source of stability, the next step of the engineer is,

to inquire what quantity of matter is necessary to pro-

duce stability, and what is the most advantageous form

for its arrangement in a tower. The first question,

which respects the mass to be employed, is, as already

stated, one of the utmost difficulty, and can be solved by

experience alone, directed by that natural sagacity which

Smeaton, in his account of his own thoughts on the sub-

ject, with much naivete, terms “ feelings," in contradis-
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tinction to that more accurate process of deduction which
he calls “ calculation.” It is very difficult, for example,

to conceive that the waves could displace a cylindric

block of granite, 25 feet in diameter and 10 feet high,

which would contain about 380 tons ; and we almost feel

that they could not do so. If, in order to test the sound-

ness of this expectation, we appeal to such experience as

we possess, and apply to the largest vertical section of

such a solid, the greatest force yet indicated by Mr Tho-

mas Stevenson’s Marine Dynamometer, which, as already

stated, is 4335 lb.* per square foot, we shall obtain a pres-

sure of 484 tons, which, being.reduced by one-halft for

the loss of force occasioned by the convexity of the op-

posing cylindric surface, gives 242 tons, as the greatest

force of the waves tending to displace the cylinder. But

in the extreme case we have now supposed the solid will

be entirely immersed in the water, and its efficient weight

will thus be reduced by 140 tons, or the weight of an

equal bulk of sea-water ; and the remaining weight of

240 tons, by which it will resist the force of the waves,

will be almost exactly equal to the pressure which they

exert. This imaginary cylinder may, however, be re-

garded as still within the limits of safety, because the

waves could not overturn it, unless their pressure ex-

ceeded the weight of the block in a ratio greater than

that of its diameter to its height, which in this case is

that of 25 to 10, or 2£ times. In order, therefore, to

endanger the stability of the solid by overturning it,

* Results as high as 6000 lb. have since been ascertained.

t This reduction seems to be warranted by the results of some
experiments of Bossut.
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the pressure, instead of being 240 tons, must be 600

tons.* We have thus seen, that the cylinder is secure

from the chance of being overturned ; but we have yet

to consider how far it is exempt from the risk of being

displaced by the pressure of the waves, causing it to

slide along the surface of the rock, owing to deficiency

of friction between the two surfaces in contact. The

block, for our present purposes, may be regarded as

monolithic, op as a mass composed of parts so united

by joggles, treenails, and mortar, as to be free from any

tendency to disintegration by the force of the waves ;

and in this case the stability of the cylinder will depend

upon the amount of friction opposing the pressure of the

waves which tends to produce a sliding movement. It

appears, by some experiments of M. Rondelet, t that the

friction of a block of stone sliding on a chiselled floor

of rock is equal to -j^ths of its own weight ; and we

should thus obtain in the present instance 168 tons, as

the amount of friction tending to resist the pressure of

the waves, which would therefore exert a power superior

to that resistance by 74 tons.J But this excess of force

would be easily neutralized by the adhesion of the mor-

tar and the abutment of the block against the sides of

the foundation-pit into which lighthouse-towers in such

exposed places are generally sunk in the solid rock.

* This is the product of 240 tons, by the ratio of 2 ‘5 .

t L’art de b&tir.

£ The number 168 is -^ths of 240, which is the weight of the

cylinder, reduced by the weight of an equal bulk of salt water
;

and 74 is the excess of 242 tons, the pressure of the waves, above

168, the amount of friction.

B 2
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When, in addition to these considerations, we learn that

the solid frustum, or lower part of the Eddystone Tower,

which has weathered so many storms for the last ninety

years, does not much exceed in mass the imaginary cy-

lindric block which I have spoken of, our confidence in

the stability of the cylinder is greatly increased. Our

belief receives a still farther confirmation from the fact,

that the strongest instance recorded of the power of the

waves, falls considerably short of the case which I have

just imagined. The instance alluded to is given in Mr
Lyell’s Geology, on the authority of the Reverend George

Low, of Fetlar, in Zetland, who mentions, that a block,

whose dimensions seem to give us reason to estimate its

weight at nearly 300 tons (or about one-fifth less than

that of the cylinder), was moved over a point, and thrown

into the sea ;
and it must be remembered, that the form

of this block, which was only 5 feet thick and about 40

feet long, rendered it very susceptible of a sliding mo-

tion, and must have greatly aided its transport. We
may therefore not unreasonably conclude, that, in de-

signing such a tower, it is safe to assume a mass which

our own judgment and recorded facts seem to concur in

pronouncing beyond the power of the greatest waves, as

fixing the lowest limit to which the contents of the pro-

posed edifice may be reduced.

There are several circumstances, however, which tend

to increase or diminish the stability of the same mass

exposed to the same forces. Of these a very prominent

one is the form of the mass, which may he so modified

as to offer more or less resistance to the forces which

assault the building. Thus a parallelopiped would be a
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much less suitable form for a sea-tower than a cylinder,

and so proportionally of all the polygonal prisms which

may occur between these two extremes. I remember

having heard it proposed, in the course of conversation,

by a non-professional friend, that lighthouse-towers

might be formed in such a manner, that each horizontal

section should be a wedge with its narrow end directed

to the greatest assaulting force. This notion is in it-

self not destitute of ingenuity
;

for, if the circum-

stances to which it is to be adapted were constant,

we should thereby present the form of least resistance,

and, at the same time, the greatest depth and strength

of the building to the line of greatest impulse. But

the notion is wholly impracticable, because the direc-

tion of the winds and waves is so variable, as to render

it almost certain that a tower so constructed would, on

some occasion, be assaulted in the line of its thinnest

section ; and thus, what might in one case be an advan-

tage, would, in the event of such a change in the point

of attack, become a great source of weakness, as the flat

side of the wedge would then be opposed to the force,

thereby presenting to the direct assault of the waves the

largest surface, with, at the same time, the most disad-

vantageous disposition of the resisting matter. There

seems little reason, therefore, for an^r doubt as to the circu-

lar section being practically the most suitable for a tower

exposed in every direction to the force of the waves.

Next to this, and hardly to be separated from it, inas-

much as it involves the question regarding the form of

the tower, is the position of the centre ofgravity. Of any

solid viewed as monolithic, it may be said that its ultimate
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stability, by which I would understand its resistance to'

the final effort which overturns it, will greatly depend

upon its centre of gravity being placed as low as possi-

ble
; and the general sectional form which this notion of

stability indicates is that of a triangle. This figure re-

volving on its vertical axis, must, of course, generate a

cone as the solid, which has its centre of gravity most

advantageously placed, while its rounded contour would

oppose the least resistance which is attainable in every

direction. Whether, therefore, we make strength or

weight the source of stability, the conic frustum seems,

abstractly speaking, the most advantageous form for a

high tower. But there are various considerations which

concur to modify this general conclusion, and, in prac-

tice, to render the conical form less eligible than might

at first be imagined. Of these considerations, the most

prominent theoretically, although, I must confess, not

the most influential in guiding our practice, is, that the

base of the cone must in many cases meet the founda-

tion on which the tower is to stand, in such a manner,

as to form an angular space in which the waves may
break with violence. The second objection is more con-

siderable in practice, and is founded on the disadvan-

tageous arrangement of the materials, which would take

place in a conic frustum carried to the great height

which, in order to render them useful as sea-marks,

lighthouse-towers must generally attain. Towards its top

the tower cannot be assaulted with so great a force as at

the base, or, rather, its top is entirely above the shock

of heavy waves ; and, as the diameter of the conoidal

solid should be proportioned to the intensity of the shock
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which it must resist, it follows that, if the base be con-

structed as a frustum of a given cone, the top part ought

to be formed of successive frusta of other cones, gradu-

ally less slanting than that of the base. But it is ob-

vious, that the union of frusta of different cones, inde-

pendently of the objection which might be urged against

the sudden change of direction at their junction, as af-

fording the waves a point for advantageous assault, would

form a figure of inharmonious and unpleasing contour,

circumstances which necessarily lead to the adoption of

a curve osculating the outline of the successive frusta

composing the tower ; and hence, we can hardly doubt,

has really arisen, in the mind of Smeaton, the beautiful

form which his genius invented for the lighthouse-tower

of the Eddystone, and which subsequent engineers have

contented themselves to copy, as the general outline

which meets all the conditions of the problem which they

have to solve. And here I cannot help observing, as

an interesting, and by no means unusual, psychological

fact, that men sometimes appear to be conducted to a

right conclusion by an erroneous train of reasoning

;

and such, from his “ Narrative,” we are led to believe,

must have been the case with Smeaton in his own con-

ception of the form most suitable for his great work.

In the “ Narrative” (§ 81), he seems to imply, that

the trunk of an oak was the counterpart or antitype of

that form which his (§ 246) “ feelings rather than cal-

culations ,” led him to prefer. Now, there is no ana-

logy between the case of the tree and that of the light-

house, the tree being assaulted at the top, and the light-

house at the base ; and although Smeaton goes on, in
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the course of the paragraph above alluded to, to suppose

the branches to be cut off, and water to wash round the

base of the oak, it is to be feared the analogy is not

thereby strengthened
;
as the materials composing the

tree and the tower are so different, that it is impossible

to imagine that the same opposing forces can be resisted

by similar properties in both. It is obvious, indeed,

that Smeaton has unconsciously contrived to obscure

his own clear conceptions in his attempt to connect

them with a fancied natural analogy between a tree

which is shaken by the wind acting on its bushy top,

and which resists its enemy by the strength of its

fibrous texture and wide-spreading ligamentous roots,

and a tower of masonry, whose weight and friction

alone enable it to meet the assault of the waves which

wash round its base; and it is very singular, that,

throughout his reasonings on this subject, he does not

appear to have regarded those properties of the tree

which he has most fitly characterized as “ its elasti-

city,” and the “ coherence of its parts.” One is tempted

to conclude that Smeaton had, in the first place, rea-

soned quite soundly, and arrived, by a perfectly legiti-

mate process, at his true conclusion ; and that it was only

in the vain attempt to justify these conclusions to others,

and convey to them conceptions which a large class of

minds can never receive, that he has misrepresented his

own mode of reasoning. In the paragraph preceding that

which refers to the tree (§ 80), he has, in point of fact,

clearly developed the true views of the subject ; and, with

the single exception of the allusion to the oak, he has

discussed the question throughout in a masterly style.
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In a word, then, the sum of our knowledge appears to

be contained in this proposition

—

That, as the ultimate

stability of a sea-tower, viewed as a monolithic mass,

depends, caeteris paribus, on the lowness of its centre of

gravity, the general notion of its form is that of a cone ;

but that, as the forces to which its several horizontal sec-

tions are opposed decrease towards its top in a rapid

ratio, the solid should be generated by the revolution of

some curve line convex to the axis of the tower, and gra-

dually approaching to parallelism with it. And this is,

in fact, a general description of the Eddystone Tower de-

vised by Smeaton.

It is deserving of notice, as one of the many proofs

which the records of antiquity afford of the similarity of

the results of human thought in all ages, and of the

truth of the Wise Man’s saying, that “ there is nothing

new under the sun,” that the ancient Egyptians appear

to have had the same conceptions of the solid of stability

that were present to the mind of the modern engineer of

the Eddystone Lighthouse. In Sir J. Gardner Wilkin-

son’s admirable work on the Manners and Customs of the

Ancient Egyptians, he gives, in the first volume

of his second series, at page 253, a woodcut shew- Pig. 1 .

ing the figure of the deity Pthah, under the sym-

bol of stability, according to Egyptian concep-

tions. This symbol so closely and strikingly re-

sembles the general appearance of the Eddystone,

that I willingly give it a place in the text (Fig. 1),

denuded, however, of the arms and head-dress of

the deity whom it shrouds.

In illustrating the application of these general no-
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tions to practice, I shall perhaps be excused for adopt-

ing the most natural course of referring chiefly to my
design for the lighthouse-tower on the Skerryvore Rock,

in forming which I was guided by numerous circum-

stances, which modified my views, and produced the in-

dividual form of tower which I have adopted. Since

the days of Smeaton, when his magnificent tower was

lighted by common candles, the application of optical

apparatus to lighthouses has greatly altered the state of

the case ; and the improvement of the system in modem
times has, in most instances, rendered a greater altitude

of tower desirable, in order to extend as much as possible

the benefit of a system capable of illuminating the visi-

ble horizon of any tower which human art can reason-

ably hope to construct. In the particular case of the

Skerryvore also, the great distance of the outlying rocks

(some of which are 3 miles right seaward of the light-

house), concurs with the improvement of the lights, in

making it desirable that the tower should be of consi-

derable height, and that the light should command an

extensive range. It was, therefore, from the first consi-

deration of the subject, determined that the light should

be elevated about 150 feet above high water of spring

tides, so as to illuminate a visible horizon of not less

than 18 miles of radius ; and, after much deliberation,

and a full consideration of the infrequency of commu-

nication with the proposed lighthouse, from the great

difficulty of landing on the rock, and the consequent

uncertainty of keeping up the supplies, I found that, for

the convenient accommodation of the lightkeepers and

the suitable stowage of the stores, a void space of about
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13,000 cubic feet would be required. These elements

being fixed, the general proportions of the tower came

next to be considered.

In the Eddystone, the radius of the base, at the level

of high water of spring tides, is somewhat less than one-

fifth of the height of the tower above that level ;
while

in the Bell Rock, at the same level, it is little more than

one-seventh of the height. If, again, we suppose the

curve of the Eddystone to be continued downwards to

the level of low water, the radius (in so far as wre may

judge from sketching the continuation of a curve un-

defined by any geometrical property) would be rather

more than one-fourth of the whole height above that

level ; while in the Bell Rock the proportion, in re-

ference to the same level, is a little more than one-fifth.

Viewing the whole height of the Skerryvore Tower above

high water of spring tides as equal to 142 feet, and

finding that, in the cases of the Eddystone and the Bell

Rock, the radius of the horizontal section at that level is

respectively one-fifth and one-seventh of the whole height;

and again, viewing the extreme height of the Skerry-

vore Tower above low water of spring tides as equal to

about 155 feet, and considering the proportionate radii

of the Bell Rock and Eddystone (in so far as the latter

is ascertainable) as respectively one-fifth and one-fourth

of the heights of the top of the masonry above the level

of low water, I finally decided upon giving the tower at

the Skerryvore such dimensions as would not be widely

discordant with these general proportions. In this view,

I determined that the radius of the base should not ex-

ceed 22 feet, on the level of about 4 feet above the high
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water mark, where I expected to obtain a solid founda-

tion—a base which bears to the whole height of the

tower a proportion somewhat less than that of the Bell

Rock, which is one-fifth. It so happens, that the dia-

meter adopted is nearly the greatest which the rock

affords ; for I found, after many careful examinations

of the gullies and fissures which intersect it, that some

of the concealed cavities ran much farther into the

rock than I at first had imagined. The adoption of a

much larger base, even had it been otherwise advisable,

would therefore have involved some risk of the external

ring of stones, of the lowest course, giving way by the

yielding of an unsound part of the outer portion of the

rock, to the pressure of the superincumbent mass, and

might eventually have led to the destruction of the

tower.

The height of the pillar having been finally fixed at

138-5 feet, and the radius of the base, at the level of

about 4 feet above high water, at 21 feet, I next pro-

ceeded to consider the details of its proportions. Of

the whole height of 138-5 feet, 18 were to be absorbed

in a suitable capital for the pillar, consisting of a para-

pet for the lantern, an abacus, a cavetto, and a belt se-

parating these from the shaft. The internal void I de-

termined should be 12 feet in diameter, as the size most

suitable for the reception of the lantern and apparatus
;

and this, combined with the choice of about 13,000 cu-

bic feet of void already mentioned, fixed the height of

the solid frustum at the base of the tower at about 26

feet above the foundation. Having farther decided that

the thinnest part of the walls, immediately under the
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belt-course which separates the capital from the shaft,

should not he less than 2 feet thick, as necessary to

give due solidity and strength to the walls, and prevent,

by the breadth of the joints, the percolation through the

walls of the water which might be furiously dashed

against them in storms, I had nothing farther to do but

to determine the nature of the line which should con-

nect the extremities of the top and bottom radii of the

pillar. As I had already concluded that this line must,

as in the Eddystone and Bell Rock, be a curve line,

concave to the sea, I next proceeded to try the effects

of various curves traced between these points, in giv-

ing a convenient and advantageous disposition of the

materials, both for the due thickness of the walls and

the mass of the solid frustum at the base of the tower.

These two points, as will be better under-

stood by means of the accompanying dia-

gram (Fig. 2), are separated from each

other vertically 120-25 feet, and are hori-

zontally distant from each other 13 feet,

which is the excess of the bottom radius

over that of the top of the shaft, or the con-

sequent amount of what may be called the

aggregate slope of the wall. The solid ge-

nerated by the revolution of some curve

line about the vertical axis of the building

thus becomes the shaft of the pillar. For this purpose

I tried four different curves, the parabola, logarithmic,

hyperbola, and conchoid, in all of which the level of the

centre of gravity of the mass, which was carefully com-

puted, varied but little from 30 feet above the base.
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The logarithmic curve I at once rejected, from its too

near approach to a conic frustum, and the excessive

thickness of the walls which such a figure would pro-

duce, where the hollow eylindric space for the internal ac-

commodation commences at the level of 26 feet above the

base. The parabolic form displeased my eye by the too

rapid change of its slope near the base
;
and I had more-

over some difficulty in reconciling myself to the condi-

tion of the exterior ring of stones at the base, too much

of the outer portion of each stone being left without the

advantage of direct pressure from the superincumbent

mass of the wall above. The two remaining pillars,

derived from the hyperbolic and conchoidal frusta, are

nearly identical in form ; and of these two curves I pre-

ferred the former, which gives the most advantageous ar-

rangement of materials, in regard to stability, of all the

four forms. This quality of advantageous proportion

exists in those four curves in the ratio of the numbers in

the last column of the following table ;* which shews a

* The last column of this table is derived as follows :—Assum-

ing that the economic advantage of any proposed tower of given

height and diameter at base and top, is inversely as the mass and

the height of the centre of gravity above the base, and denoting

these quantities by M and G respectively, the fraction may be

taken as an indication of the economic advantage of the proposed

tower. Let express the economic advantage of another

tower
; then the advantage of the second tower, compared to that

G-M
of the first, taken as unity, will be by which expression

the last column in the table was calculated.
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slight superiority of the hyperbolic over any of the

other forms.

Hypothetical
Towers.

Height
of the
Tower
in feet.

(H.) i
Volume of

solid
Tower in
cubic feet.

M.

Distance
of centre
of Gravity
from Base.

G.

H
G

Economic
Advantage.

G-M.
G'-M'.

Hyperbolic, 120 42 16 62,916 41-227 2-911 1-00000

Conchoidal, 120 42 16 62,984 41-336 2-903 0-99627

Parabolic, 120 42 16 63,605 43-400 2-766 0-93963

Logarithmic, 120 42 16 74,742 42-460 2-826 0-81608

Conical, . 120 42 16 84,737 43-280 2-773 0-70725

The shaft of the Skerryvore pillar, accordingly, is a

solid, generated by the revolution of a rectangular hy-

perbola about its assymptote as a vertical axis. Its

exact height is 120-25 feet, and its diameter at the base

42 feet, and at the top 16 feet. The ordinates of the

curve at every foot of the height of the column, were

carefully determined in feet to three places of decimals

;

and from them the working drawings for the moulds of

the stones were made at full size. The first 26 feet of

height is a solid frustum, containing about 27,110 cubic

feet, and weighing about 1990 tons.* Immediately

above this level the walls are 9-58 feet thick, whence

they gradually decrease throughout the whole height of

the shaft, until, at the belt, they are reduced to 2 feet in

thickness. Above the shaft rests a cylindric belt 18

* At the rate of 13-62 cubic feet of granite to a ton.
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inches deep
;
and this is surmounted by a cavetto 6 feet

high, and having 3 feet of projection. The contour of

this cavetto is that resulting from a quadrant of an

ellipse revolving about the centre of the tower, with a

radius of 8 feet on the level of its transverse axis ; and

the moulds for this curve were drawn at full size from

co-ordinates calculated for the purpose. The cavetto

supports an abacus 3 feet deep, the upper surface of

which forms the balcony of the tower, and above it rest

the parapet-wall and lantern.

It may, perhaps, be not uninteresting to the reader

to examine Plate I., which shews, on one scale, the

elevations of the lighthouses of the Eddystone, the Bell

Rock, and the Skerryvore, and exhibits the level of their

foundations in relation to high water. It will also serve

to give some idea of the proportionate masses of the

three buildings. The position of the centre of gravity,

as calculated from measurements of the solids, is also

marked hy a round black dot and letter G on each tower
;

and in the table following, I have given the cubic con-

tents of each of those towers, the height of the centre of

gravity above the base, and the ratio of that quantity

to the height of the tower.

Lighthouse.

Height of
Tower above
first entire
course.
(H.)

Contents
of Tower.

Dial!

at Base.

aeter

at Top.

Distance of
centre of
gravity in
feet from
Base.
(G.)

H
Q

|

Eddystone, 68 13,343 26 15 15-92 M
Bell Rock, 100 28,530 42 15 23*59 9
Skerryvore, 138-5

.

58,580 42 16 34-95

Digitized by Google



LIGHTHOUSE-TOWERS. 47

Lastly, I will briefly notice the few subordinate points

in which the design of the Skerryvore Tower may be re-

garded as differing from those of the Eddystone and the

Bell Rock. In glancing at the contrasted figures of the

three buildings, it will be at once observed that the out-

line of the Skerryvore approaches more nearly to that

of a conic frustum than the other two. To the adop-

tion of this form, various considerations induced me
;

and these I shall very briefly detail. In the first place,

it seemed to me that, both in the Bell Rock and the

Eddystone, the thickness of the walls had been reduced

to the lowest limits of safety towards the top
;
and expe-

rience has shewn that heavy seas and winds acting upon

a weighty cornice, cause a degree of tremor which I felt

satisfied would not occur in a building with thicker walls.

The effect of thickening the walls at the top, is, of course,

caiterisparibus, to diminish the projection of the base, and

thus to produce less concavity of figure, and consequently

a nearer approximation to the contour of a conic frustum.

I have already stated, that this excess of the bottom

radius over that of the top, is in the Skerryvore Tower

13 feet, and that the height of the shaft is 120-25 feet.

The quotient resulting from the division of the height

by the excess of the bottom radius over that at the top

is 9-27
;
and, if the figure had been conical, this number

would have given a measure of the slope of the walls

throughout. There can be little doubt that the more

nearly we approach to the perpendicular, the more

fully do the stones at the base receive the effect of

the pressure of the superincumbent mass as a means

of retaining them in their places, and the more per-
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fectly does this pressure act as a bond of union among

the parts of the tower. This consideration materially

weighed with me in making a more near approach

to the conic frustum, whioh, next to the perpendicular

wall, must, other circumstances being equal, pos-

sess the property of pressing the mass below with a

greater weight, and in a more advantageous manner,

than a curved outline in which the stones at the base

are necessarily farther removed from the line of the ver-

tical pressure of the mass at the top.* This vertical pres-

sure operates in preventing any stone being withdrawn „

from the wall in a manner which, to my mind, is much

more satisfactory than the effect of an excessive refine-

ment in dovetailing and joggling, appliances which I

consider as chiefly useful in the early stages of the

progress of a work, before the superstructure is raised

to such a height as to prevent heavy seas from breaking

right over it.

If these views be substantially correct, it may not,

perhaps, be altogether inadmissible (without, however,

venturing to enunciate any general law) to conclude,

* It is most satisfactory to find that the views expressed above,

regarding the eligibility of the conical form, seem to have the

sanction of the late Dr Thomas Young, who appears to have con-

nected his preference of this form with its greater efficiency as a

source of friction among the parts of a building. In his syllabus

cf Lectures, under the section “ Architecture,” he thus speaks :

“ For a lighthouse where a great force of wind and water was to

be resisted, Mr Smeaton chose a curve convex to the axis. In

such a case, the strength depends more on weight than on cohe-

sion, and also in a considerable degree on the friction which is the

effect of that weight. Perhaps a cone would be an eligible form.”
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that, in the three lighthouses of the Eddystone, the Bell

Rock, and the Skerryvore, this source of union among

the outer stones of the lower courses must bear some

proportion to the numbers 753, 659, and 927, which are

the quotients of the height of the column, divided by

the difference of the top and bottom radii of the shaft,

in each case respectively. This consideration seems too

important to be entirely overlooked; and I conceive

that, by following out this view, I have been enabled to

depart with perfect safety from the intricate and elabo-

rate work required for the connection of the materials

by means of dovetailing and joggling, which the adop-

tion of a more concave outline (in which the vertical

pressure could not have been so advantageously trans-

mitted to the outer stones of the base), would perhaps

have rendered advisable. In the case of the Bell Rock,

however, whose construction, in regard to this property,

is the least advantageous of the three buildings, it must

be borne in mind that the tower is covered to the depth

of 15 feet at spring tides, and that this principle of ver-

tical pressure could not have been safely appealed to

during the whole of the time which intervened between

the commencement of the building and the attainment

of a height sufficient to render it available, a period

which, in a tower having so great a part submerged,

was of necessity much more prolonged than in the other

cases. The stones w'ere thus exposed to the full effect

of heavy seas, at all levels, during two entire winters,

and could not therefore have been safely left, with-

out being kept together by numerous ties and dovetails.

It also seemed important, in designing that tower, with

c
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reference to the rise of tide, to give its lower part a slop-

ing form, as the least likely to obstruct the free passage

of the waves. The outer stones of the lower courses

were also selected of unusual length inwards, so as to

bring them more under the influence of the vertical pres-

sure of the upper wall.

Before leaving this subject, I may remark, that it is

quite possible to construct a tower of a curved form, in

such a manner, that the pressure of the upper part of

the pillar shall be distributed to the greatest advantage

on every stone, by building the outer walls as inverted

arches, so that the section of each stone shall be that of

a voussoir, with joints perpendicular to the successive

tangents of the curve. This arrangement of the stones

is, in fact, practised in sea-walls of various kinds, and

has even been recommended for circular towers in an in-

genious paper in the Transactions of the Royal Scottish

Society of Arts. But in many situations, and at Skerry-

vore in particular, this mode of transmitting the pres-

sure, so as to throw it perpendicular to the beds of the

stones, is inadmissible, as conducing to or involving a

greater evil. The evil has already been noticed, and

consists in the thrust of the lowest stone (which is of

course inclined to the horizon) having a tendency to

push out the sides of the rock on which the tower is

built. This fear, where the towers are to be placed on

small steep rocks or pinnacles, and more especially when

these rocks are traversed by veins nearly vertical, is by

no means visionary
;
and there is good reason to appre-

hend, that the pressure thus resulting in a line consi-

derably inclined to the plane of cleavage

,

might throw
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outwards a thin portion of rock, which, under the more

conservative influence of a vertical pressure, might con-

tinue to retain its connection with the rest of the rock

unimpaired for ages.

Another method of, in some degree, increasing the re-

sistance of a sea-tower to a horizontal thrust, if such aid

be required, is to give the line of courses a continuous

spiral form, instead of building them in successive hori-

zontal layers. Were there reason to fear that the entire

dislocation of the building might take place in a plane

nearly horizontal, this method seems more calculated to

counteract the danger than the use of dowels or joggles

passing from the course below to the course above ; but,

as this is one of the accidents least to be apprehended,

there does not seem any good ground for resorting to a

mode of structure which would lead to great intricacy

of workmanship, and would, in practice, be attended

with difficulty in obtaining a proper vertical bond or

union among the several stones.

The only remaining point, in which the example fur-

nished by the Eddystone and Bell Rock Lighthouses has

been at all materially departed from in the Skerryvore,

is (as has already been hinted at by an unavoidable an-

ticipation) the mode of uniting the different parts of the

masonry together. In both those towers the stones were

dovetailed throughout the buildings, chiefly (at least in

the case of the Bell Rock, where the foundation was so

much below the tide) with the view of preventing the sea

from washing away the courses which might be left ex-

posed to the winter storms before the weight of the super-

structure had been brought to hear upon them. In the

Digitized by Google



52 ON THE CONSTRUCTION OF

upper part of the Bell Rock Mr Stevenson also introduced

a kind of hand joggle, which consists of a flat ribband

of stone raised upon the upper bed of one course, and fit-

ting into a corresponding groove cut in the under bed of

the course above ;
and this system of tying the adjoin-

ing courses together also forms a chief feature in his

design for a lighthouse on the Wolf Rock.* When the

great pressure of the superstructure of such towers,

however, and the effect of the mortar, are considered,

there seems little probability of one course being dislo-

cated, in defiance of the friction resulting from the

weight of the column. An impulse sufficient to produce

such an effect would tend to overset the whole super-

structure from mere deficiency in weight, and in this

case the joggle would have little effect. But if joggles

be thought necessary for this purpose, the ribband-form

certainly produces a better arrangement than that of the

cubic joggles employed by Smeaton for connecting the

adjoining courses of his building together, as the sec-

tional strength of those scattered square joggles is very

small compared to the effect of a shock which could be sup-

posed capable of moving the whole mass of a tower. In

the lower parts of the Skerryvore Tower, I entirely dis-

pensed with dovetailing and joggles between the courses,

and thus avoided much expensive dressing of materials.

The stones were retained in their places during the

early progress of the work, chiefly by common diamond

joggles, and the courses were temporarily united to each

other by wooden treenails, like those used in the Eddy-

* Account of the Bell Rock Lighthouse, Plate XXI.
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stone and Bell Rock. The treenails had split ends, with

small wedges of hardwood loosely inserted, which, being

forced against the bottom of the holes in the course

below, into which the treenails were driven, expanded

their lower ends until they pressed against the sides of

the holes ; while their tops were made tight by similar

wedges driven into them with a mallet from above. I

have, however, adopted the ribband-joggle in the higher

part of the tower, where the walls begin to get thin, in the

very same manner as at the Bell Rock, where it was used,

partly, that it might counteract any tendency to a spread-

ing outwards of the stones, and partly that it might

operate as a kind of false joint to exclude the water

which, when pressed with great violence against the

tower, is apt to he forced through a straight or plain

joint. The stones in the higher courses throughout each

ring are also, as in the Bell Rock, connected at the ends

by double dovetailed joggles, which unite the two adjoin-

ing stones ; and the walls are, besides, tied together, as

in that structure, at various points by means of the

floor stones, which are all connected by dovetails let into

large circular stones forming the centres of the floors.

I also ventured to leave out the metallic ties at the

cornice, which consisted, at the Eddystone, of chains,

and, at the Bell Rock, of a very strong hoop of cop-

per. The reasons which induced me to adopt this

change I need not here enlarge upon. It is sufficient

to state, that I believe I have nearly balanced the forces

which would have tended to throw the cornice outwards,

had a greater disproportion existed in the weight of the

outer and inner parts of the cavetto, and to mention
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that the lightroom or highest floor occurs, at such a

level, as of itself to answer all the ends which metallic

ties could have served.

In the erection of lighthouses on land, the chief points

which demand the attention of the engineer are the

provision of a commodious space for the lantern, and also

the height of the tower required for a given range ; which,

from the level of the land where light-towers are placed,

is not generally great. The convenient arrangement

of the lantern, and the dwelling-houses for the light-

keepers, so as best to serve the purposes of the due

maintenance of the light, both in cleaning the appara-

tus and watching the lamps, are subjects of much prac-

tical importance ; but they will be more conveniently-

noticed in another part of this volume, especially in con-

nection with the views in Plates XI. and XII. of the

Ardnamurchan Lighthouse.

There are various other lighthouses, which, in them-

selves, are sufficiently deserving of a separate notice,

were it not that they have more or less something in

common with those already described, which are un-

questionably the most remarkable edifices of the kind.

The first design for an Iron Lighthouse is that of

Captain Brodie, R.N., for the Bell Rock, and the

next, by Mr Robert Stevenson, for the same situation,

in the year 1800.* Mr Stevenson’s design consisted of

eight cast-iron pillars arranged in the form of a pyramid,

and tied together by means of horizontal and diago-

nal braces, and also attached to a central socket, by

* Account, Plate 'VII., figs. 2, 3, 4, and 5, and pp. 497 and 500.
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means of diagonal radiating ties. The lower portion of

the habitable part was designed in the form of an in-

verted cone, in order to lessen the shock of the sea from

beneath. On this general plan Mr Stevenson, in 1821,

erected the Carr Rock Beacon ; and a similar construc-

tion has been extensively used for beacons all round the

coatt of Scotland. Of one of them a view is given in

Plate XIII. Messrs Walker and Burgess have also de-

signed and partly erected a lighthouse for the Bishop’s

Rock, in the Scilly Isles, 120 feet high, on this general

p’an ; and Mr Lewis of Philadelphia is engaged with

the execution of a similar and equally bold design for a

lighthouse on the Carysfort Reef, East Florida. Such

structures for situations of great exposure, would un-

doubtedly be less costly than those of masonry; but their

stability confessedly depends upon their strength rather

than their weight, and, in many situations, it might

ultimately be resolved into the security of the fixtures

which attaches them to the rock. There is, undoubtedly,

reason to fear, that, in structures of great height, urged

by the continued force of the waves and winds, a gradual

deterioration of the fixtures may result from long-con-

tinued tremor, or that the pillars might suddenly sus-

tain very serious injury from the impact of heavy bodies

thrown against them by the waves ; and while, in pro-

portion to the difficulty of the situation, the expense of

the stone structure would increase, so the undesirable-

ness of being forced to renew any structure would in-

crease also; and thus, while in many such places the

iron lighthouse may be the most convenient and least

expensive in prospect, the stone tower is the more satis-
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factory and more durable when completed. I should

therefore, in general, say that nothing short of absolute

necessity can justify a preference of iron over stone for

the purposes of a lighthouse exposed, like the EddystoAe,

the Bell Rock, and the Skerryvore, to the full fury of jhe

waves. This general opinion is not, of course, intended

to reflect upon the plans either of Mr Lewis or of Messrs

Walker and Burgess, with the circumstances of which

I am quite unacquainted. The gradual change of cast-

iron by the action of the marine acid forms another ele-

ment in the question as to the fitness of such structures

for rocks washed by the sea.

Mr Alexander Gordon of London has fitted up several

lighthouses composed of cast-iron plates, on the plan pro-

posed by the late Captain Sir Samuel Brown, R.N., a

style of building in itself by no means eligible, and

which seems suitable only where stone cannot be easily

obtained, or conveniently applied. Such a structure, as

well from the difficulty of obtaining permanent fixtures

above alluded to, as from its offering more resistance

to the waves than can be fully counterbalanced by the

inertia produced by filling the lower part of the void

with concrete, is, I conceive, but ill adapted for rocks

exposed to the direct impact of heavy waves. But a

still more formidable objection may be found in its

liability to sustain serious injury from floating spars,

or rolling boulders of great dimensions
;
and this con-

struction, when proposed by Sir Samuel Brown, for the

Skerryvore, was, after due deliberation with Messrs

William Cubitt and George Rennie, finally rejected by

the Lighthouse Board in terms of my report.
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Mr Gordon, in a letter lately addressed to Mr Hume,

M.P., advocates the suitableness of an iron lighthouse

for the Skerryvore Rock, which he has never seen, and

which he unreasonably compares with a Rock in Simon’s

Bay, near the Cape of Good Hope, which also he has

never visited, but on which he undertakes to build a

lighthouse for one-tenth of the cost of that on the Sker-

ryvore. Now although the Skerryvore Lighthouse cost

nearly £87,000, it must be borne in mind that fully

£23,000 of that sum was made up of items which would

be common to any lighthouse in that position, such as

the establishment at Hynish, in the island of Tyree,

consisting of a harbour for the attending vessel, and the

houses for the lightkeepers and seamen, and a signal

tower ashore. Let, therefore, this sum of common outlay

be added to Mr Gordon’s random estimate of £20,000,

and the result is £43,000, giving an anticipated nume-

rical saving of £44,000, or about one-half instead of

nine-tenths. After a residence on the Skerryvore

Rock of five seasons, and eleven years’ experience

of its exposure, I may be allowed to speak with some

confidence on this subject
;
and I shall therefore briefly

enumerate a few of the leading facts which bear upon

the fitness of an iron structure for that situation. 1. A
temporary barrack, similar in construction to that which

stood so long on the Bell Rock and afterwards for se-

veral seasons at the Skerryvore itself, was carried away

in one night. 2. Stones, some of which weighed as much

as five tons ,
were swept by the waves over the top of the

rock ; and much floating wreck-timber has been seen to

pass close to it. 3. The force of the waves, as indicated

c 2
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by the marine dynamometer has amounted to 6000 lb.

per square foot, or twice that at the Bell Rock. 4. Two

iron beacons were successively destroyed on the Bo-Pheg

Rock in Hynish Bay, 12 miles landward of the Skerry-

vore Rock, one of which was of the pillar form above

noticed, and the other was a cone of iron plates, like

that proposed by Mr Gordon, having the lower part of

the void filled. Before the plate-beacon was carried

away, a hole of 2 feet in diameter was broken through

one of the plates,* most probably by a heavy spar urged

end on by the waves. Bearing, therefore, all these facts

in mind, I have no hesitation in saying that no pecuniary

consideration could, in my opinion, have justified the

adoption of an iron lighthouse for the Skerryvore. In

such a situation, where the establishment has been un-

visited for weeks at a time and where I have myself

been detained prisoner by the weather in the temporary

barrack for a fortnight, even in the month of June,

neither the required stability nor the extent of stowage

for provisions and stores which are consistent with a due

regard to the safety of human life and the certain and re-

gular exhibition of the light, could have been obtained in

an iron lighthouse. There are, however, situations which,

although difficult of access, are yet removed from the

most powerful action of the sea, for which the lightness

of the walls and the rapidity of construction may render

this plan preferable to a building of stone. For beacons

on rocks in such positions, I have often employed this

* The plate broken was rather upwards of one inch thick, and

was strengthened by means of webbed flanges 6 inches deep.
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mode of construction, filling the lower part of the in-

closed void with concrete.

The useful invention of Mr Mitchell of Belfast, for

applying the principle of the screw to the erection of

lighthouses on soft foundations, deserves a longer no-

tice than can he given here. It must therefore be suffi-

cient to say, that the principal lighthouses on this plan

(those of the Maplin, Fleetwood, and Belfast Lough)

consist of piles or of hollow pillars of cast-iron, grouped

together in the form of a truncated pyramid, and resem-

bling, in the general arrangement of their parts, the

Beacon shewn in Plate XIII. The lower end of each

pillar is furnished with a flat screw or worm and a sharp

point, which is screwed into the sand, clay, or gravel, or

other soft subsoil. Dr Potts has also invented a method

of driving piles by means of atmospheric pressure, which

has been used at the South Galloper Beacon.
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ON THE ILLUMINATION OF LIGHTHOUSES, AND
THE SOURCES OF THE LIGHT.

Having thus attempted to describe the most interest-

ing and celebrated lighthouses, I proceed to consider

the various methods now in use for the illumination of

lighthouses. There can be little doubt, that down to a

very late period, the only mode of illumination adopted

in the lighthouses, even of the most civilised nations of

Europe, was the combustion of wood or coal in chauffers,

on the tops of high towers or hills. It now seems strange,

when late improvements in lighthouse illumination are

considered, to hear that so lately as the year 1816,

when the Isle of May light, in the Frith of Forth, was

assumed by the Commissioners of the Northern Lights,

it was of that rude description, and had shewn a coal

fire for 181 years since 1635: and even in England,

the art of illumination had made so little progress,

that the magnificent Tower of the Eddystone, for about

forty years after it came from the hands of Smeaton,

could boast of no better light than that derived from a

few miserable tallow candles
;
nay, so lately as the year

1801, the light at Harwick, in addition to the coal-fire,

had a flat plate of rough brass on the landward side, to

serve as a reflector \ Such methods were most imper-

fect, not only in point of efficiency and power, but also
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as respects the distinction of one light from another, an

object which, on a difficult and rugged coast, may he

considered as of almost equal importance with the dis-

tance at which the lights can he seen.

Solid substances which remain so throughout their

combustion, are only luminous at their own surface, and

exhibit phenomena, such as the dull red heat of iron, or

of most kinds of pit-coal, and are therefore more suited

for the purpose of producing heat than light. But by

using substances which are formed into inflammable va-

pours, at a temperature below that which is required for

the ignition of the substances themselves, gas is ob-

tained and flame is produced. Much light is thus

evolved at a comparatively low temperature. The gas

necessarily rises above the combustible substance from

which it is evolved, owing to its being disengaged at a

temperature considerably higher than that of the sur-

rounding air, than which it is necessarily rarer. Of this

description are the flames obtained by the burning of the

various oils which are generally employed in the illumi-

nation of lighthouses. In the combustion of oil, wicks

of some fibrous substance, such as cotton, are used, into

which the oil ascends by capillary action, and being sup-

plied as required in very thin films, is easily volatilized

into vapour or gas by the heat of the burning wick. The

gas of pit-coal has been occasionally used in lighthouses,

being conveyed in tubes to the burners in the same man-

ner as when employed for domestic purposes. There are

certain advantages, more especially in dioptric lights,

where there is only one large central flame, which would

render the use of gas desirable. The form of the flame,
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which is an object of considerable importance, would thus

be rendered less variable, and could be more easily regu-

lated, and the inconvenience of the clockwork of the lamp

which is necessary to maintain the due economy of so large

a flame, would be wholly avoided. But it is obvious,

that gas is by no means suitable for the majority of

lighthouses, their distant situation and generally difficult

access rendering the transport of large quantities of coal

expensive and uncertain ; whilst in many of them there

is no means of erecting the apparatus necessary for

manufacturing gas. There are other considerations

which must induce us to pause before adopting gas as

the fuel of lighthouses ; for, however much the risk of

accident may be diminished in the present day, it still

forms a question, which ought not to be hastily decided,

how far we should be justified in running even the most

remote risk of explosion in establishments such as light-

houses, whose sudden failure might involve consequences

of the most fatal description, and whose situation is often

such, thart their re-establishment must be a work of great

time and expense. Gas is, besides, far from being suit-

able in catoptric lights, to which, in many cases (espe-

cially when the frame is moveable, as in revolving lights),

it could not be easily applied. The oil most generally

employed in the lighthouses of the United Kingdom is

the sperm oil of commerce, which is obtained from the

South Sea whale (Physeter macrocephalus). In France,

the colza oil, which is expressed from the seed of a spe-

cies of wild cabbage (Brassica oleracea colza), and the

olive oil are chiefly used
;
and a species of the former has

lately been successfully introduced into the British light-
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houses. Of all these oils, the purified sperm oil has

hitherto been generally considered the most advantage-

ous for lighthouse purposes
;
but the late adoption of the

colza oil in many of the British lights, on the sugges-

tion of Mr Joseph Hume, M.P., while chairman of a se-

lect committee of the House of Commons on lighthouses,

has led to an important saving, as its combustion pro-

duces an equal quantity of light at little more than

one-half of the expense for spermaceti oil. Consider-

able experience has justified the following statements

made in my Beport of 10th March 1847 :

“ 1. The colza oil possesses the advantage of remain-

ing fluid at temperatures which thicken the spermaceti

oil so that it requires the application of the frost lamp.

“ 2. It appears, from pretty careful photometrical

measurements of various kinds, that the light derived

from the colza oil, is, in point of intensity, a little supe-

rior to that derived from the spermaceti oil, being in the

ratio of 1-056 to 1.

“ 3. The colza oil burns both in the Fresnel lamp and

the single Argand burner with a thick wick during

seventeen hours without requiring any coaling of the

wick or any adjustment of the damper ; and the flame

seems to be more steady and freer from flickering than

that derived from spermaceti oil.

“ 4. There seems (most probably owing to the greater

steadiness of the flame) to be less breakage of glass

chimneys with the colza than with the spermaceti oil.

“ 5. The consumption of oil, in so far as that can be

ascertained during so short a period of trial, seems in

the Fresnel lamp to be 121 for colza, and 114 for sper-
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maceti
;
-while in the common Argand, the consumption

appears to be 910 for colza, and 902 for spermaceti.

“ 6. If we assume the means of these numbers, 515

for colza, and 508 for spermaceti, as representing the

relative expenditure of these oils, and if the price of

colza be 3s. 9d., while that of spermaceti is 6s. 9d. per

imperial gallon, we shall have a saving in the ratio of 1

to 1-755, which, at the present rate of supply for the

Northern Lights, would give a saving of about £3266

per annum.”

Colza oil has been introduced in England into all

the lights, whether catoptric or dioptric ; but in Scotland

its general use has as yet been confined to the dioptric

lights, and such catoptric lights as revolve, and are not

likely to be changed to the dioptric system. In the

catoptric lights, the only reason for not making an

equally extensive trial is the necessity for renewing

all the burners, which require to be so constructed as

to receive thick wicks of brown cotton ; and it has, until

lately, been considered prudent to proceed with some

caution in changing the apparatus, so as to suit it for

burning a patent oil, the circumstances attending the re-

gular and extensive supply and the price of which, can

hardly yet be fully known. The change is proceeding

gradually from the use of the spermaceti to that of the

colza oil
;
and, in a few seasons, the whole will be com-

pleted, as nearly all the revolving catoptric lights have

been altered ;
and the change on the fixed lights has

been only delayed until they shall be converted to the

dioptric system, so that one change may serve every

purpose at once.
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The oxyhydrogen light is produced by the ignition

or combustion of a ball of lime (f inch diameter) in

the united flames of hydrogen and oxygen gases, and

is equal to about 264 flames of an ordinary Argand lamp

with the best spermaceti oil. It generally bears the

name of the late Lieut. Drummond, R. E., who first ap-

plied it in the focus of a paraboloid for geodetical pur-

poses, and afterwards proposed it for lighthouses. (See his

Account of the Light, in the Phil. Trans, for 1826, p. 324,

and for 1830, p. 383.) The Voltaic light is obtained by

passing a stream of Voltaic electricity from a powerful

battery between two charcoal points
,
the distance be-

tween which requires great nicety of adjustment, and is

the chief circumstance which influences the stability and

the permanency of the light. The Voltaic light greatly

exceeds the Drummond light in intensity, as ascertained

by actual comparison of their effects ; but the ratio of their

power has not been accurately determined. It was first

exhibited in the focus of a reflector by Mr James Gardner

(formerly engaged in the Ordnance Survey of Great

Britain), whose name, by an equal award, it ought to bear.

The application of the oxyhydrogen and electric lights

to lighthouse purposes is, owing to their prodigious in-

tensity, a very desirable consummation ; but it is sur-

rounded by so many practical difficulties that, in the

present state of our knowledge, it may safely be pro-

nounced unattainable. The uncertainty which attends

the exhibition of both these lights, is of itself a sufficient

reason for coming to this conclusion. But other reasons

unhappily are not wanting. The smallness of the flame

renders them wholly inapplicable to dioptric instru-

Digitized by Google



66 ON THE ILLUMINATION OF LIGHTHOUSES,

merits, -which require a great body of flame in order to

produce a degree of divergence sufficient to render the

duration of the flash in revolving lights long enough to

answer the purpose of the mariner. The same defect of

volume completely unfits the combination of these lights

with the reflector for the purposes of a fixed light.

In 1835, Mr Gurney proposed the combination of a

current of oxygen with the flame of oil, in order to ob-

tain a powerful light of sufficient size to produce the di-

vergence required for the illumination of lighthouses.

The Trinity-House of London entertained the proposal,

and made some experiments on this important subject

;

but the plan was finally rejected as disadvantageous in

practice.

Until the invention by Argand (about the year 1784),

of the lamp with a double current of air, the art of illu-

mination seems to have received no improvement, and

to have occupied very little attention from the time of

Cardan, or at all events of Dr Hook, who, about the

year 1677, in a monograph entitled “ Lampas,” made

some observations on the constitution offlame, so impor-

tant as to make one wonder that he should have stopped

short of the discoveries of later inventors. Before Ar-

gand’s time, every wick consisted of a solid cord, whose

flame was fed only by the current of air on its outside ;

and the consequence of this arrangement is, that the

stream of vapour or smoke, especially from the centre of

thick wicks, escapes unburnt
; because, before it reaches

the height at whi^h the combustion of the central stream

can take place, its temperature has become too low to

admit of its ignition.
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That the form of a flame is necessarily conoidal, and

that its height is determined by the relation subsisting

between its diameter and the continually varying ve-

locities of the currents of gas and air, may be easily

shewn
; and the combustion of each annular film of the

stream of gas from the wick can take place only at a

level determined by, and continually varying with, the

ratio of the velocities of the streams of gas and air. I

am unwilling to offer this explanation in my own words,

when those of M. Peclet, in his excellent work, Traits

de l’Eclairage, are at hand,—“ Let us conceive,” says

he, “ a very thin film or layer of inflammable gas placed

horizontally, and which rises into the air parallel to it-

self, with a uniform motion. We shall suppose that it

cannot be burnt, except at its circumference, and that

the top and bottom of the film are, by some means, pre-

served from combustion (they are so preserved in ordi-

nary flames, by the films which precede and follow

them). If the circumference is at a high enough tem-

perature, it will burn
; at each instant the film or layer

of air, which has assisted the combustion and also the

products of that combustion, being very hot, will rise

very rapidly, and will make room for other layers or

films of air, which will rise in their turn
;
and as the

diameter of the film of gas is continually diminishing,

it is obvious that its combustion will offer the appear-

ance of a series of circles continually growing smaller,

and terminating at length in a point. If we trace in

thought the series of circles which the combustion has

successively developed, we shall form a cone whose

length will depend on the ratio of the velocities of the
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films of gas and of air which escape after combustion.

If, for example, the velocity of the current of air were

very great, compared to the velocity of the cylinder of

gas, the entire combustion would take place, while the

film of gas passes over a very small space
;
and the cone,

formed by the succession of luminous circles, would con-

sequently be very short. If, on the contrary, there were

but a very small difference between these velocities, the

luminous circles would only appear at considerable inter-

vals from each other ; for the air which had served for

combustion, being unable to feed it longer, the surface

of the cylinder could not become luminous until the dif-

ference of velocity had freed it from the air which had

served for the preceding combustion. If, then, we ima-

gine a set of similar films succeeding each other, each

of them would give rise to the same series of coloured

rings
;
and as there would be a film in each section of

the cone in a state of combustion at the same instant of

time, the cone would, of course, appear luminous through-

out its height.”

—

Peclet, Traite de VEclairage, p. 51.

The chief improvements which had been made, con-

sisted in varying the level of the oil in the cistern,

or in attempts to render that level constant, by me-

chanical means, and in lessening the thickness of the

wick, by spreading its substance into a flat form, thus

reducing the stream of gas which escapes from the

centre of a thick cylindric wick without being burnt,

and thereby causing a more complete combustion, and

producing less smoke and a whiter flame. To Argand

belongs the great merit of having first formed the wick

into a hollow cylinder, thus supplying the flame with two
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currents of air, one of which, as in the case of the

solid wick, envelopes the flame, and the other, passing

through the centre of the wick, is enveloped by the flame

itself. He also added a chimney, which served to de-

fend the flame from irregular draughts of air, and to re-

gulate the proportion between the velocities of the cur-

rents of air and the stream of gas. This was indeed a

most important step in the art of illumination, and causes

the great difference between the incomplete combustion,

which, owing chiefly, as we have seen, to a defect in the

supply of air, always takes place with a solid wick (from

which much unburnt gas escapes in the form of smoke),

and that more perfect combustion in which passage is

given for a free current of air through the centre of the

wick. The invention of Argand came nearly perfect

from his hands ; and but a few slight modifications of

his original arrangement have been introduced. The

Argand burner consists of two concentric tubes or cylin-

ders, separated by a small annular space, which is shut

at the bottom, and communicates by a pipe with the oil

fountain, whose level ought to be a little below the level

of the upper edge of the cylinders. In this annular

space, partly filled with oil from the fountain, stands a

cylindric wick of cotton, loosely wove, into which the oil

rises freely by capillary action. The wick has its lower

edge fixed to a metallic ferule or ring, called a wick-

holder, which (by means of a peculiar arrangement, to

be afterwards described) gives the power of raising or

depressing the wick to any convenient level with regard

to the burner. A cylinder of glass, of greater diameter

than the burner, rests on a gallery or ring which hangs
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from the burner and surrounds it. This glass cylinder,

or chimney as it is generally called, should stand verti-

cally with its axis coincident with that of the burner it-

self. The effect of this arrangement is obvious, and has

already in part been indicated. The flame is thus ne-

cessarily bounded on all sides by two conical concentric

surfaces, one external and concave, and the other inter-

nal and convex, both of which receive a free current of

air. The flame is therefore very thin in every direction ;

and, as a consequence of the mutual radiation of its dif-

ferent parts on each other, it is throughout its entire sur-

face of more equal temperature than can ever be attained

either in the thick solid wick or the narrow flat one.

The glass cylinder also increases the force of the two

currents which pass outside and inside of the flame; and

the union of so many favourable circumstances produces

a greater amount of pure light than has yet been ob-

tained by any other method. The contraction of the

glass chimney (known by the technical name of the

shoulder) at a point a little above the level of the wick,

tends to direct the current of air inwards on the flame,

thereby causing a more perfect combustion and the evo-

lution of more light.

Great as Argand’s improvement undoubtedly was,

the value of the lamp alone as a means for the illumi-

nation of lighthouses must be regarded as compara-

tively small. The primary object of a lighthouse is, to

give early notice to the mariner of his approach to the

coast ; and it is therefore necessary that the light be of

such a kind that it may be seen at a great distance.

Every one is practically acquainted with the fact that
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the rays proceed in all directions from a luminous body in

straight lines ; and if we could obtain a ball equally lu-

minous in every part of its surface, it would give an equal

share of light to every part of the inner surface of a hol-

low sphere, whose centre shall coincide with the centre

of the ball. Again, if an opaque body were placed be-

tween the luminous ball and the hollow sphere, the part

opposite that body would be deprived of the light by the

interception of the rays, and no light would emerge from

a hole bored in that part of the surface of the hollow

sphere. The bearing of these facts is obvious ; and no

one can fail to perceive that in the case of a lighthouse

illuminated by a single unassisted burner, a seaman

could only receive the benefit of that small portion of

light which emerges from the lamp in a line joining his

eye and the centre of the flame. The other rays would

be occupied partly, but in a very small proportion, in

making the light visible in other parts of the horizon
;

while all the rest would be lost by escaping upwards into

the sky, or downwards below the plane in which seamen

can see a lighthouse. This state of matters would be little

improved by increasing the number of burners, as the

effective part of the light would only be augmented by

the addition of an equally trifling portion of light from

each burner. The small pencils of rays thus meeting

at the eye of a distant observer, would form a very mi-

nute fraction of the whole quantity of light uselessly

escaping above and below the horizon, and also at the

back of each flame
;
and the wasteful expenditure of

light would be enormous. By such a method no practi-

cally efficient sea-light could ever have been obtained.
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CATOPTRIC* SYSTEM OF LIGHTS.

For those defects a simple remedy is found in the well-

known power possessed by most bodies, of reflecting or

throwing back from them the light which falls upon

them. This property is not possessed by all reflecting

bodies in an equal degree, some absorbing more, and

some less, of the incident light. Perhaps the earliest

attempts to apply this property as a corrective for the

direction of the rays from a lighthouse, would be con-

fined to placing plane mirrors behind each lamp
;
yet

this would prove but a partial remedy, as it would still

leave the greater part of the light to stray above and be-

low the proper direction. Hollow mirrors of a spherical

form might next be tried ; and if properly placed with

reference to the flame, would constitute a very great im-

provement in lighthouse illumination. But those steps

in the march of improvement are more imaginary than

real ; and I am not aware of any well-authenticated re-

cords of such gradual attempts having preceded the

adoption of the right mode of applying reflection as a

means of rectifying the direction of the rays emerging

from a lighthouse. There is, on the contrary, distinct

evidence that the impulse given by Argand’s invention,

* From the Greek xarwrvpov, a mirror

;

a compound of xara,

opposite to, and 'Airropai, I see.
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led to an immediate adoption of the most perfect form

of reflecting instruments.

The name of the inventor of paraboloidal mirrors, and

the date of their first application to lighthouses, have not

been accurately ascertained. The earliest notice which

I have been able to find, is that by Mr William Hut-

chinson, the pious and intelligent author of a quarto

volume on “ Practical Seamanship” (published at Liver-

pool in 1791), who notices (at p. 93) the erection of

the four lights at Bidstone and Hoylake, for the en-

trance of the Mersey, in the year 1763, and describes

large paraboloidal moulds, fashioned of wood and lined

with mirror-glass, and smaller ones of polished tin-

plate, as in use in those lighthouses. Mr Hutchinson

seems to have understood the nature, properties, and

defects, of the instruments which he describes, and has

shewn a good acquaintance with many of the most im-

portant circumstances to be attended to in the illumina-

tion of lighthouses. Many claims to inventions rest on

more slender grounds than might be found in Mr Hut-

chinson’s book for concluding him to have first invented

the paraboloidal mirror, and applied it to use in a

lighthouse ;* but, in the absence of any statement as to

the date when the mirrors were really adopted, the merit

of the improvement cannot, in justice, be awarded to

him.

M. Teulere, a member of the Royal Corps of En-

gineers of Bridges and Roads in France, is, by some,

* Mr Hutchinson seems also (“ Practical Seamanship,” p. 198)

to have tried speculum metal as a material for lighthouse reflec-

tors.

D
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considered the first who hinted at the advantages of pa-

raboloidal reflectors ; and he is said, in a memoir, dated

the 26th June 1783, to have proposed their combination

with Argand lamps, ranged on a revolving frame, for

the Corduan Lighthouse. Whatever foundation there

may be for the claim of M. Teulere, certain it is that

this plan was actually carried into effect at Corduan,

under the directions of the Chevalier Borda
;
and to him

is generally awarded the merit of having conceived the

idea of applying paraboloidal mirrors to lighthouses.

These were most important steps in the improvement of

lighthouses, as not only the power of the lights was thus

greatly increased, but the introduction of a revolving

frame proved a valuable source of differences in the ap-

pearance of lights, and, in this way, has since been the

means of greatly extending their utility. The exact

date of the change on the light of the Corduan is not

known
; but as it was made by Lenoir, the same young

artist to whom Borda, about the year 1780, entrusted

the construction of his reflecting circle, it has been con-

jectured by some that the improvement of the light was

made about the same time. The reflectors were formed

of sheet-copper, plated with silver, and had a double or-

dinate of 31 French inches. It was not long before these

improvements were adopted in England, by the Trinity-

House of London, who sent a deputation to France to

inquire into their nature. In Scotland, the first work

of the Northern Lights Board, in 1787, was to light a

lantern on the old castle at Kinnairdhead, in Aberdeen-

shire, by means of parabolic reflectors and lamps. These

reflectors were formed of facets of mirror-glass, placed in
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hollow paraboloidal moulds of plaster, according to the

designs of the late Mr Thomas Smith, the engineer of

the Lighthouse Board, who (as appears from the article

Reflector, in the Supplement to the third edition of the

Encyclopaedia Britannica) was not aware of what had

been done in France, and had himself conceived the idea

of this combination. The same system was also adopted

in Ireland ; and in time, variously modified, it became

general wherever lighthouses are known.

To enable us to enter on the subject of the proper

forms of reflectors, we must glance very briefly at the

laws of reflection. Those laws are two in number. 1st,

The ray which falls on a reflecting surface, called the

incident ray, and the ray which leaves the reflector,

called the reflected ray, are always in one plane, which

plane is perpendicular to the reflecting surface. 2d,

The angle which the reflected ray makes with the re-

flector is always equal to the angle which the incident

ray makes with it, or, in other words, the angle of inci-

dence is equal to the angle of reflection*

* This will be more readily understood by referring to the ac-

Fig. S.

B

eompanying figure (Fig. 3), in which CDEF is the reflecting sur
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It would lead to prolixity, altogether superfluous in

this place, to explain, in a rigorous manner, the effects

produced by various reflecting surfaces on the direction

of the rays incident on them ; as any one who compre-

hends the laws of reflection just enumerated, may easily

satisfy himself of the following truths : 1st, That a plane

mirror makes no change on the divergence of the rays,

but merely causes them to emerge from its surface in

the same direction as if they had come from a point as

much behind the mirror as the luminous body lies in

front of it. 2d, A convex reflecting surface increases

divergence, and disperses the rays in the same manner

as if they had come directly from a point behind it,

whose distance from the mirror increases with the dis-

tance of the luminous body from its surface, and dimi-

nishes with the degree of convexity of the mirror. 3d,

A concave surface diminishes the divergence of the rays

incident upon it from a point between the surface and

its centre of curvature
;
the distance of the point in

which the reflected rays converge diminishing as the

distance of the radiant point, or the concavity of the

mirror is increased. It is obvious, therefore, that con-

cave mirrors are those which are required to produce a

face
;
GHOKI the plane of reflection perpendicular to that sur-

face ;
BO a line perpendicular or normal to the surface CDEF

;

and AO the incident ray. Then if in the plane GHOKI, the

angle BOI be made equal to AOB, OE is the reflected ray ; BOG
is then the angle of incidence ; and BOI the angle of reflection.

GOH and IOK, which are the complements of those angles, are,

indeed, more strictly speaking, the angles of incidence and reflec-

tion ; but in cases where the reflecting surface is curved, it is more

convenient to refer the angles to the normal BO.
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correction of the path of the rays, so as to apply them

to most advantage in a lighthouse, the object to be at-

tained being that of throwing the greatest amount of

light towards given points in the horizon, and collecting

the divergent rays, which, as we have already seen, are

scattered above and below it.

To simplify our view of this matter, I shall, in the

first place, suppose that the object to be attained is, to

throw the whole rays of a single lamp, with an infinitely

small flame, to a given mathematical point at a mode-

rate distance
;
and, as this is a case which cannot

occur in the practice of lighthouse illumination, I con-

tent myself with observing, that this object may be at-

tained approximately by placing the lamp in front of a

spherical mirror at any distance greater than half the

radius of the curve surface, or accurately by placing it

in one focus of an elliptical mirror
;
in all those cases,

the rays would meet in the opposite, or, as they are

termed, conjugate foci. Let us next suppose that our

object is to illuminate, by means of a mathematical

point of light, a small circular space on the horizon

equal in diameter to the mirror employed
;
this object

will be rigorously attained only by placing the light in

the focus of a paraboloidal reflector. The same object

may be approximately attained by placing the light in

a spherical mirror, at a point half-way between the

centre of curvature and the surface of the mirror, pro-

vided the surface of the mirror shall subtend only a

small angle at the centre of curvature. The parabo-

loidal mirror, on the contrary, has the property of con-
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verging to the focus parallel rays falling upon every

point of its surface, however extended it may be.

Any one practically acquainted with this subject,

must at once perceive that the paraboloidal mirror

completely fulfils one great object required in a light-

house ; and to render this more obvious to the general

reader, I shall, for the present, confine my remarks to

the case of those lighthouses which exhibit to the mari-

ner, in every part of the horizon, pencils of light at cer-

tain intervals of time, separated by periods of darkness,

reserving the consideration of lights which are continu-

ally in sight all round the horizon, or over a given por-

tion of it, for a subsequent part of these observations. In

doing this, I am aware that I may appear to be depart-

ing from the strict order of investigation, by suddenly

introducing the idea of motion ; but a little consideration

will, I think, satisfy the reader that this is, in reality,

the more convenient mode of treating the subject. Let

us suppose, then, that our object is to give occasional

flashes of light, separated by intervals of darkness, to

seamen in various azimuths, and at various distances

from a lighthouse. It is obvious that this may be most

efficiently done by causing concave mirrors, which col-

lect the rays from lamps placed in them, and thereby

increase the light in front of the mirror, to revolve round

a vertical axis with a velocity suited to produce the re-

quired number of flashes in a given time. The parabo-

loidal mirror is best adapted for producing this effect,

for the following reasons : 1st, Because it alone produces

a rigorous parallelism of all rays proceeding from its
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focus, and falling upon any point of its surface, how-

ever distant the point of reflection from that focus, or

however far in front of it. 2d, Because it therefore

embraces in its action the greatest number of the whole

rays coming from the focus, and, cceteris paribus, will

produce the strongest light. 3d, Because the theoreti-

cal object to be attained is to make those flashes equally

powerful at any distance, an effect which would be rigor-

ously fulfilled by placing an infinitely small flame in

a perfect paraboloidal mirror. And, 4th, Because al-

though absolute equality of luminousness at any dis-

tance is not attainable, and, in practice, is inconsistent

with other conditions required in a useful light, we still,

by using the parabolic mirror, make the nearest ap-

proach to parallelism of the reflected rays, and conse-

quently obtain the strongest light which is consistent

with a due regard to a certain duration of the flash on

the eye of a distant observer, which is measured by the

angle of the luminous cone projected to the horizon.

Having thus so far anticipated what some might think

would more naturally have occurred in a subsequent

part of these observations, I return to a more detailed

consideration of the parabola itself, and its product, the

paraboloidal mirror. I content myself, however, with

describing the parabola, by that property which pecu-

liarly adapts it to the purposes of a lighthouse. The

parabola, then, is a curve of the second order, obtained

by cutting a cone in a plane parallel to one side, and

possessing this remarkable property, that a line drawn

from the focus to any point in the curve, makes, with a
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tangent at that point, an angle equal to that which a
line parallel to the axis of the curve makes with that

tangent*

* See third corollary to Proposition III. of Wallace's Conic

Sections, which shews that a tangent to the parabola makes equal

angles with the diameter which passes through the point of con-

tact and a straight line drawn from that point to the focus. The
curve may be traced in two different ways, both dependent on the

property, that the distance of any point in the parabola from the

focus is equal to its distancefrom the directrix.

To draw the curve mechanically (fig. 4), let F be the focus,

MF the focal distance (chosen at pleasure according to rules

which I shall afterwards notice), KMX is the axis, and AB the

directrix (the dotted line/F e, bounded by the curve at either

end, would then be the parameter or latus rectum). Place the

edge of the straight ruler AKHB along the directrix
;
and let

Fig. 4.

LHB be a square ruler which may slide along the fixed ruler

AKHB, so that the edge HL may be constantly perpendicular to

AB, or parallel to MX, the axis ; let LDF be a string equal in

length to II L, and having one end fixed in F, and the other at

L, a point in the sliding square. Then if the string be stretched
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It is easy to see, that if this curve revolve about its

axis, it will generate a parabolic conoid, which we may

by a pencil D, so as to keep the part DL close to the edge of the

square, and if at the same time the square be gently pushed

along the line AB, the point D will be forced to move along the

edge LH of the square, and will trace out a curve which will be

the required parabola. This is obvious from the consideration,

that the string LDF being equal in length to LH, and LD being

oommon to both, the remainder DF must be equal to the remain-

der DH, so that the point which traces the curve being equidis-

tant from the directrix and the focus must, in terms of the above

definition, describe a parabola.

In the second place, the same property, as already stated, fur-

nishes us with the means of tracing the curve by finding successive

Fig. 5.

points therein (fig. 5). Draw a line ab perpendicular to the axis

OX, and the position in this line, of a point p through which the

curve passes, is easily found, thus : Describe from F the focus as

a centre with a radius equal to the perpendicular distance 0 d of

the line a b from the directrix AB, a circle cutting the line a b

in two points p and p'
; then both these points are in the curve.

By repeating the same process, any number of points in the curve

may be obtained.

D 2
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conceive to be concave or convex, as we please. If the

surface be concave, we obtain the mirror of which we

are in search ; for every principal section, or that pass-

ing through the axis of such a mirror, will necessarily

possess the same properties as that of the plane curve,

and will each have a focus meeting in one and the same

point
;
the union of all these sections will therefore form

a mirror capable of reflecting, in a direction parallel to

the axis and to each other, all the rays of light which

fall on its surface.

We have already seen that a perfect paraboloidal

mirror, with a point of light infinitely small placed in

the focus, would project a beam equally intense at any

distance, every transverse section of which would be of

the same superficial extent. In practice, these condi-

tions can never be rigorously fulfilled. No perfect in-

strument can come from the hands of man ; and every

mirror must of necessity possess many defects. To ob-

tain a true mathematical point of light is also impos-

sible
;
and for the purposes of a lighthouse, it would be

completely useless, as will appear from the following

simple considerations. Let us suppose that a true pa-

raboloidal mirror, having a double ordinate or space of

2 feet, and illuminated- by a point of light, projects a

truly cylindric beam of light to the horizon, and that it

revolves horizontally round a vertical axis, with such a

Lastly, from the equation to the curve, the length y of any or-

dinate may be computed, in terms of m its principal focal dis-

tance, and x its abscissa, by the simple expression,

—

y = V imx.
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velocity as to cause the beam to pass over the eye of an

observer stationed at the distance of 100 feet in one

second of time, and we shall find that another observer,

at a distance of 15 miles from the mirror, would not see

the light at all, although of equal size, because its ve-

locity at that distance would be so great as only to be

present to his eye for T£*d part of a second, a space of

time far too short to make a perceptible impression on

the eye of a distant observer. This is no mere hypo-

thesis unsupported by facts ; for I shall have occasion,

in another place, to notice certain experiments, by which

it was ascertained that a beam of light emerging from

a lens, and passing over the eye of an observer at 14

miles’ distance, in a space of time equal to r| B th of a

second, became altogether invisible at that distance.

For this evil, happily a very simple and efficient re-

medy may be found in what may be said to constitute

a theoretical defect in the combination of the Argand

burner with the reflector. The burner, instead of being

a mathematical point, has generally a diameter of about

one inch, and a ray proceeding from the edge of the

flame to any point on the surface of the mirror, makes,

with the line joining that point and the principal focus,

an angle which, being repeated by reflection, gives the

effective divergence of each side of the mirror at that

point.*

* This is easily understood by reference to the accompanying

diagram (fig. 6), in which AOB is a central section of a parabo-

loidal mirror.

PF = distance from the focus F to a point in the curve P, and

PG a tangent drawn from P to the surface of the flame at (i
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It is still more obvious, that a perfect paraboloidal

figure, and a luminous point mathematically true, would

render the illumination of the whole horizon, by means

FG = radius of the wick or flame
;

and GPF = G'PF' = divergence of one side of mirror, and conse-

Fig. 6.

quently 2 GPF = the whole effective divergence of the mirror at

that cross section.

Now sin GPF =
PF

or the^sine of the divergence from each point is equal to

Radius of flame.

Distance from focus to point of reflection.

It is obvious that this quantity, which varies inversely with the

distance of the reflecting surface from the focus, is greatest at the

vertex of the curve, and least at the sides or edges of the para-

boloid. The most useful part of the light, or that which conduce*
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of a fixed light, impossible

;

and it is only from the di-

vergence caused by the size of the flame, which is sub-

stituted for the point, that we are enabled to render even

revolving lights practically useful. But for this aber-

ration, the slowest revolution in a revolving light would

be inconsistent with a continued observable series, such

as the practical seamen could follow, and would, as we

have seen, render the flashes of a revolving light too

transient for any useful purpose
;
whilst fixed lights,

being visible in the azimuths only in which the mirrors

are placed, would, over the greater part of the distant

horizon, be altogether invisible. The size of the flame.

to the strongest part of the flash in a revolving light, is that

which is derived from the cone of rays which is bounded by the

limits of this minimum divergence
;
for the faint light which first

reaches the eye of a distant observer, in the revolution of a re-

flector, is not that which is reflected by the sides or edges, as

might at first be supposed, but proceeds from the centre. The

light, in fact, gradually increases in power in proportion as addi-

tional rays of reflected light are brought to bear on the observer’s

eye, until, last of all, the extreme edge of the mirror adds its

effect. The light continues in its best state until the opposite

limit of minimum divergence has been reached, when it begins

gradually to decline, receding from the margin of the mirror

towards the centre ; and, having at length reached the limit of

its maximum divergence, it finally disappears at the centre. The

increase and decline of the power of a mirror in the course of it*

movement round the circle of the lantern, as seen by a distant

observer, will, therefore, in all its different states, be measured

by the areas of a series of circles described from its focus, with

radii equal to the distance of the focus from the point of the mir-

ror which reflects to the observer’s eye the extreme ray which

can reach him in any given position of the mirror. This will be

more easily understood by referring to the accompanying diagram.

Digitized by Googl



86 CATOPTRIC SYSTEM OF LIGHTS.

therefore, which is placed in the focus of a paraboloidal

mirror, when taken in connexion with the form of the

(fig. 7), in which eae' is the principal section of a paraboloidal

mirror, F its focus, a FA its axis, and FK the radius of the flame.

Fig. 7.

a

;o f-it:

* '% : '

If the reflector revolve round a vertical axis at O, an observer

placed in front of it (at a distance so great that the subtense of

the mirror’s width would be small enough to allow us safely to

consider the lines drawn from e and «' to his eye as parallel),

would receive the first ray of light in the direction a D, as re-

flected at a, from a single point on the edge of the flame (where

a tangent to the flame would pass through a
) ; and conversely he

would lose the last ray at D', as reflected at a, from a single

point on the opposite margin of the flame
; and hence, as above,
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mirror itself, leads to those important modifications in

the paths of the rays and the form of the resultant beam

the greatest divergence is measured by the angle which the flame

subtends at the vertex a of the mirror, being the sum of the

angles a and a'. We shall next suppose the mirror to move a

little, so that the observer may receive at G a ray of light from

some other point in the flame which is reflected at b ;
while

another ray from an opposite point reflected at b' would be seen

in the parallel direction b' G', thus indicating the boundary of a

circular portion of the mirror b a b', the whole of which would re-

flect light to the distant observer’s eye. Again, let us suppose a

ray to come from another part of the flame, and be reflected at

the mirror’s edge e into the direction e H, and another from the

opposite side of the flame to be reflected at its opposite edge e',

into the direction e' G", and we obtain the full effect of the whole

reflecting surface, which will continue unabated until the mirror

in the course of its revolution shall reflect at «' to the observer's

eye, a ray from a point in the margin of the flame (through which

a tangent drawn from d to the flame would pass) in such a direc-

tion, that the angle which it makes with the axis of the mirror is

equal to that subtended by the radius of the flame at the distance

F e or F d. After this the light would recede from the edges of

the mirror in the same gradual manner, until it should vanish in

the direction a D', which is the opposite limit of the extreme diver-

gence of the instrument. In the above explanation, I have con-

fined myself simply to the effects of the outer ring of the flame,

which is the source of divergence ; but I need not remind the

reader that every portion of the flame radiates light, which, be-

ing reflected, conduces to the effect. Some rays also are passing

from the opposite sides of the flame through the true focus, so as

to be normally reflected in lines parallel to its axis. The solid

lines in the diagram shew the theoretical reflection of rays pro-

ceeding from F to b, b\ e, e
,
where they are diverted into the

directions b B, V B', e E, and d E'
;
and by contrast with the

dotted lines, serve to render more perceptible the path of the

divergent rays which come from the edge of the flame. The

Greek letters indicate the angles of divergence, and point out
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of light, which have rendered the catoptric system of

lights so great a benefit to the benighted seamen.

In order to obtain a mirror capable of producing a

given divergence of the reflected beam, therefore, we

must proportion its focal distance to the diameter of the

flame in such a manner, that the sine of one-half of the

whole effective divergence of the mirror, may be equal

to the quotient of the radius of the flame ,
divided by

the distance of a given point on the surface of the mir-

ror from the focus. The best proportions for parabo-

loidal mirrors depend on the objects which they are

meant to attain. Those which are intended to give

great divergence to the resultant beams, as in fixed

lights, capable of illuminating the whole horizon at one

time, should have a short focal distance ; while those

mirrors which are designed to produce a nearer approach

to parallelism (as in the case of revolving lights, which

illuminate but a few degrees of the horizon at any one

instant of time), will have the opposite form. Those

two objects may, no doubt, be attained with the same

mirror, by increasing or diminishing the size of the

burner ; but that is by no means desirable, as any

change on the size of a burner, which is found to be

the best in other respects, must be considered as to

some extent disadvantageous.

What I have stated above as to the use of mirrors

their relations to each other on either side of the mirror. The
arcs of greatest and least divergence are marked in the diagram.

This subject will be found treated less directly, but, certainly,

more concisely and neatly, by Mr W. H. Barlow, in a paper on
the Illumination of Lighthouses, in the London Transactions for

1837, p. 218.
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with a short focal distance for lights of great diver-

gence, proceeds on the assumption, that the penumbra!

portion of the light on each side of the strongest beam

(which is confined within the limits of the least diver-

gence, due to that portion of the mirror where the focal

distance is the greatest) is to he pressed into service in

the illumination of the horizon ; and it is the chief in-

convenience which attends the application of parabo-

loidal mirrors to fixed lights, that because it is imprac-

ticable to apply a number of mirrors sufficient to light

the whole horizon with an equally strong light, spaces

occur on either side of each reflector in which the ma-

riner has a light sensibly inferior to that which illumi-

nates the sector near the axis of each mirror. This will

be best explained by stating the numerical results of

the computations of the divergence of the mirrors used

in the Northern Lighthouses for this purpose, both at

the vertex and the sides. In a mirror whose focal dis-

tance is 4 inches, and its greatest double ordinate 21

inches, illuminated by a flame 1 inch in diameter, we

find by computation, that the greatest divergence is 14
c

22', and that the strongest arc of light is only 5° 16'

;

a difference so great, that while the one may admit of

the horizon being imperfectly illuminated by means of

26 reflectors, the superior light which would result from

confining the duty of each instrument within the range

of its best effect, could only be obtained by the use of

68 reflectors, and the expenditure of a proportionately

great quantity of oil, not to speak of the great practical

difficulty which would attend the arrangement of so

many lamps in a lantern of moderate size. In rovolv-

Digitized by Google



90 CATOPTRIC SYSTEM OF LIGHTS.

ing lights, the mirrors are not, as in fixed lights, incon-

veniently taxed for horizontal divergence ; because each

portion of the divergent beam visits successively each

point of the horizon. In this view of the merits offixed

and revolving lights, I should be disposed to recommend,

in any new organisation of lights with parabolic reflec-

tors, the adoption, in fixed lights, of reflectors with a

short focal distance and small span, so as to admit of

many being ranged around the frame ; while in revolv-

ing lights, it would be my aim to approach the largest

size of reflector that could be made, so as, if possible, to

illuminate each face of the revolving frame by means of

a large lamp in a single mirror, with a great focal dis-

tance, thereby diminishing the difference between the

i divergence of the powerful cone of rays reflected from

the more distant parts of the mirror, and that of the

feebler and more diffuse light from its apex. The ap-

plication of reflectors of very short focal distance, to the

flames of the ordinary Argand lamp, must be avoided,

as an undue aberration of the resultant cone of light is

thereby produced. The difficulty of making the reflec-

tors, also, increases rapidly with their depth.

The maximum luminous effect of the reflectors ordi-

narily employed in fixed lights, as determined by obser-

vation, is generally equal to about 350 times the effect

of the unassisted flame which is placed in the focus

;

while for those employed in revolving lights, which are

of larger size, it is valued at 450. This estimate, how-

ever, is strictly applicable only at the distances at which

the observations have been made, as the proportional

value of the reflected beam must necessarily vary with
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the distance of the observer, agreeably to some law de-

pendent upon the unequal distribution of the light in the

illuminous cone which proceeds from it. The effect also

varies very much in particular instruments. The ordi-

nary burners used in lighthouses are one inch in diame-

ter, and the focal distance generally adopted is 4 inches ;

so that the extreme divergence of the mirror in the hori-

zontal plane may be estimated at about 14° 22'
; while

the divergence of the most luminous cone is 5° 16' for

the small reflectors, and 4° 25' for the larger size. In

arranging reflectors on the frame of a fixed light, how-

ever, it is advisable to calculate upon a less amount of

effective divergence, for beyond 11° the light is very

feeble
;
but the difficulty of placing many mirrors on

one frame, and the great expense of oil required for so

many lamps, have generally led to the adoption of the

first valuation of the effective divergence.

The measure of the illuminating power of a parabo-

loidal mirror may be estimated as the quotient of the

surface of the circle which cuts it in the plane of its

greatest double ordinate, divided by the surface of the

largest vertical section of the flame, and diminished by

the loss of light in the process of reflection. This esti-

mate will be found near enough for all practical pur-

poses; but it is obviously inaccurate, inasmuch as it

overlooks the circumstance of the focal distance of each

portion of the mirror being different, and the conse-

quent increase in the length of the various trajectories

at each point of the surface as you recede from the axis
;

and the only correct rule, therefore, is, to find an ima-

ginary focal distance which must be the radius of a
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spherical segment, which shall answer the double con-

dition of having its surface equal to that of the greatest

cross section of the mirror, and of including, at the same

time, a number of degrees equal to those which are

brought under the influence of the reflecting action of

the paraboloid. This subject, however, as I have al-

ready hinted, is not of great practical importance ; and

I shall not therefore dilate on it farther, but content

myself with saying, that such a line will be found to be

a mean proportional between the greatest and least

focal distances of the mirror. The large mirrors used

in the Northern Lighthouses have about f fths of tho

whole light of the lamp incident on their surface
; the

rest escapes in the comparatively useless state of natu-

rally radiating light. Several arrangements have been

proposed for economising this light, which will be after-

wards noticed.

The reflectors used in the best lighthouses are made

of sheet-copper, plated in the proportion of six ounces of

silver to sixteen ounces of copper. They are moulded

to the paraboloidal form, by a delicate and laborious

process of beating with mallets and hammers of various

forms and materials, and are frequently tested during

the operation by the application of a mould carefully

formed. After being brought to the curve, they are

stiffened round the edge by means of a strong bizzle,

and a strap of brass which is attached to it for the pur-

pose of preventing any accidental alteration of the figure

of the reflector. Polishing powders are then applied,

and the instrument receives its last finish.

Two gauges of brass are employed to test the form of
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the reflector. One is for the back, and is used by the

workmen during the process of hammering, and the

other is applied to the concave face as a test, while the

mirror is receiving its final polish. It is then tested,

by trying a burner in the focus, and measuring the in-

tensity of the light at various points of the reflected

conical beam. Another test may also be applied suc-

cessively to various points in the surface, by masking

the rest of the mirror ; but as it proceeds upon the as-

sumption that the surface of the reflector is perfect, and

that we can measure accurately the distance from a

radiant coincident with the focus to the point of the

mirror to be tried, it is in practice almost useless. For

such a trial we must place a screen in the line of the

axis of the mirror at some given distance from it, and

ascertain whether the image of a very small object

placed in the conjugate focus, which is due to the dis-

tance of the screen in front of the focus, be reflected to

any point considerably distant from the centre of the

screen through which the prolongation of the axis of the

mirror should pass. We thus obtain a measure of the

error of the instrument. For this purpose, we must find

the position of the conjugate focus, which corresponds

to the distance of the screen. If b be the distance to

which the object should be removed outwards from the

principal focus of the mirror, d the distance from the

focus to the screen, and r the distance from the focus to

that point of the mirror which is to be tested, we shall

r3 .

have b = - as the distance to which the object must be
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removed outwards from the true focus on the line of the

axis.*

The flame generally used in reflectors is from an Ar-

gand fountain-lamp, whose wick is an inch in diameter.

Much care is bestowed upon the manufacture of the

lamps for the Northern Lighthouses, which sometimes

have their burners tipped with silver to prevent wasting

by the great heat which is evolved. The burners are

* The truth of this equation may be easily ascertained as fol-

lows (See fig. 8) :

—

Fig; 8.

Let AP be the mirror, F its principal focus, and PH the line

of reflection of the ray FP ; then an object at I will be reflected

at P to the conjugate focus 0, where the screen is supposed to be

placed. But by construction, FPI = HPO = POF, and the angle

at F being common, the triangle FPI is similar to FPO, and

PF2

hence FO : PF : : PF : FI, and FI = —^ ;
and substituting the

r O
r2

letters in the text, we get d : r : : r : b, and b = —7-.
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also fitted with a sliding apparatus, accurately formed,

by which they may be removed from the interior of the

mirror at the time of cleaning them, and returned ex-

actly to the same place, and locked by means of a key

;

it is remarkable that this arrangement should not have

been adopted elsewhere, except, indeed, in Ireland, where

eight of the lighthouses were many years since fitted up

with apparatus made at Edinburgh, under the directions

of Mr Robert Stevenson. This arrangement, which

is shewn in figs. 9, 10, and 11, is Pig . 9_

very important, as it insures the

burner always being in the focus,

and does not require that the re-

flector be^ lifted out of its place

every time it is cleaned ; so that,

when once carefully set and

screwed down to the frame, it is

never altered. In these figs, a a a

represents one of the reflectors,

b is the burner, and c a cylin-

dric fountain, which contains 24

ounces of oil. The oil-pipe, the fountain c for supplying

oil, and the burner b, are connected with the rectangular

frame d, which is moveable in a vertical direction upon

the guide-rods e and /, by which it can be let down, so

that the burner may be lowered out of the reflector, by

simply turning the handle g (as will be more fully un-

derstood byexamining figs. 9 and 10), which has the effect

of forcing a thread (like that of a screw) on the outside

of the guide into a groove in the frame, or withdrawing

it, and thus allows it to slide down or locks it at plea-

Digitized by Google



96 CATOPTRIC SYSTEM OF LIMITS.

sure. An aperture of an elliptical form, measuring about

two inches by three, is cut in the upper and lower part

of the reflector, the lower serving for the free egress and

Fig. 10. Fig. 11.

ingress of the burner, and the upper, to which the cop-

per-tube h is attached, serving for ventilation ; i shews

a cross section and a back view of the main bar of the

chandelier or frame on which the reflectors are ranged,

each being made to rest on knobs of brass, one of which,

as seen at k k, is soldered to the brass band l, that clasps

the exterior of the reflector. Fig. 9. is a section of the

reflector a a, shewing the position of the burner b, with

the glass chimney V, and the oil-cup l, which receives

any oil that may drop from the lamp. Fig. 11 shews the

apparatus for moving the lamp up and down, so as to

remove it from the reflector at the time of cleaning it.

In the diagram (fig. 11) the fountain c is moved partly
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down
; d d shews the rectangular frame on which the

burner is mounted, e e the elongated socket-guides

through which the guide-rods slide, and / the guide-

rod, connected with the perforated sockets on which the

checking-handle g slides. The oil-cup l (covered with

a lid and wick-holder, as shewn in fig. 12)

also serves as a frost-lamp during the long

nights of winter, when the oil is apt to turn

thick. It is attached to the lower part of the

oil-tube by the arm h ; and is lighted about

an hour before sunset, so as to prepare the

reflector lamp for lighting at the proper time. The

communication between the burner and the fountain is

easily opened or shut in the burners used in the Scotch

lighthouses, by simply giving the fountain a turn of one

quadrant of the horizon round its own vertical axis by

means of the round knob at its top, and thereby moving

a simple slide-valve, which shuts off the communication

between the fountain-tube and the lamp-tube. By this

mode, the oil is cut off about fifteen minutes before ex-

tinguishing the lights, so that when that is done, the

burner is quite free of oil.

It would needlessly occupy much time and space to

describe the various means (many of them sufficiently

clumsy) which have been employed, and in many places

are still in use, for raising and depressing the wick ; it

will be enough to say, that they all involve some appli-

cation of the rack and pinion. I shall, therefore, only

describe the method (invented, it is believed, by M.

Verzy) which is adopted throughout the district of the

Commissioners of Northern Lighthouses. The arrange-

E

Fig. 12.

Digitized by Google



98 CATOPTRIC SYSTEM OF LIGHTS.

ment is as follows (see figs. 13, 14, 15, 16, 17) : The

inner tube t of the burner is enclosed by a strong tube

Fig. 13. Fig. u.

IZL
t

t t

T

J M
gran

S, which fits to it tightly, so as not to be easily moved.

This strong tube has a spiral groove cut on its outer or

convex surface. The wick-holder has two small pegs

projecting from it, the one on the inside (not seen), and

the other on the outside at a (fig. 14). That on the in-

side works in the spiral groove of the tube S (figs. 13

and 14), already described as embracing the inner tube

t ; and all that is required for raising the wick is, to

make the wick-holder turn round on its vertical axis.

This is effected by means of the small external peg a of

the wick-holder (fig. 14), which moves in a vertical slit
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a (fig8 * 13 and 15), cut in a tube standing in the burner,

and concentric with it, and which also moves freely

Fig. 15.

r “j,

y

f—

a

r

—
'i

Fig. 16. Fig. 17.

round its axis. Small knobs n n (figs. 13, 15, and 17),

at the top of this tube, fit into a notch in the upper

ring of the gallery, which supports the glass chimney.

By turning this gallery g (see figs. 13 and 17), there-

fore, motion is given to the tube, with its knobs n n,

whose vertical slit a (while it holds the external peg of

the wick-holder, and also turns it round along with it)

permits that peg a to slide upwards or downwards, and

thus the wick-holder rises or falls, according as its own

internal peg moves up or down the spiral groove in the

tube S. In fig. 13, C shews the glass chimney resting

on the gallery g g. The wick is shewn in fig. 16, at-

tached to the wick-holder.

An important point in the economy of the Argand

lamp, is the level at which the outlet for the oil, in its

passage from the fountain to the burner, should be cut.

The cutting of this hole (generally called the fiow-
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hole) in the pipe is termed the flowing of the lamp, and

is commonly done by successive trials, until the oil

stands in the burner at the proper level, before the wick

is put in. A more ready and accurate method of ac-

complishing this object and at once determining the

level at which the flow-hole should be cut, was intro-

duced by Mr James Murdoch, the Foreman of light-

room repairs to the Scotch Board, and is generally em-

ployed in the Northern Lighthouses. Its nature will be

readily understood by a reference to the accompanying

diagram
Fig. 18.

(fig. 18).
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The hatched surface represents a metallic ruler, with

a spirit-level at L
;
C is the cup in which the bottom of

the fountain / (shewn in dotted lines) rests. When the

fountain is removed, and the ruler rests on the edge of

the cup C, the screw at A is used to adjust the level at

L ; and a gauge G G is allowed to fall until a notch in

it at of rests on the outer tube of the burner F ; the

pinching-screw B retains this ruler in its place, and the

point x' indicates the level at which the oil should stand

in the burner. The level line of x indicates the level on

which the top of the flow-hole H should be cut in the

fountain-tube, which is shewn in dotted lines within the

outer tube or body of the lamp. In other words, y of

measures the level at which the oil should stand in the

burner below the lower edge of the metallic ruler, while

the corresponding line y x, at the opposite end, shews

the level of the top of the flow-hole H, below the edge

of the cup C. The gauge G G applied to that point of

the fountain which coincides with the edge of the cup (so

that y’ coincides with y) measures the length y x—yf a

1

;

and a set-square applied at x gives the position of H on

the fountain-tube. The round dot at a shews the posi-

tion of the air-hole in the body of the lamp, which esta-

blishes a connection between the external air and the

surface of the oil. The rods SS' shew the sliding gear

(described as d and /, pages 95 and 96), and are only

introduced to identify this diagram with those of the

fountain and burner which have preceded it.

The most advantageous level of the flow-hole depends

on many circumstances too obscure and complicated to

admit of any systematic elucidation ; and it is enough for
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all practical purposes, to know that the capillary powers

of the wick, and the greater or less viscidity of the oil

are the chief circumstances which determine that level.

Actual experience is the only sure guide to the best

practice in this respect ; and I therefore content myself

with stating, that it is generally found that the sperm

oil should stand in the empty burner at about f inch

below its top. For colza oil £ inch is sufficient. In

summer, owing to the oil being more fluid, there is some-

times a tendency to overflow the burner
;
but any incon-

venience arising from it is avoided by the plan adopted

in the Northern Lights, of shutting off the oil (by means

of the apparatus already alluded to on p. 97) about fifteen

minutes before extinguishing the lights in the morning.

The arrangement for cutting off the oil is very simple,

as will be seen from the annexed diagram (fig. 19), in

which F is the fountain, T the oil-tube

leading to the burner, and V the flow-

hole, with its sliding valve. By turning

the handle H one quadrant of the circle,

the whole fountain F and tube T turn

round their vertical axis, while the valve

V, which rests in a notch in the cup of

the lamp, remains still, and sliding over

T, opens the flow-hole. S is the screw-

plug which retains the oil in the foun-

tain, and which is unscrewed and re-

moved when the fountain is to be filled.

In the reflecting apparatus of the

Northern Lighthouses, the focal position

of the lamp is not, as we have already

seen, liable to derangement, by the re-

Fig. 19.
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moval of the burner for the purpose of cleaning, as

the sliding-gear described at p. 95 insures the re-

turn of the lamp to its true place. The burner is ori-

ginally set by means of a gauge, which touches four

points of the mirror’s surface (one of them being its

vertex, and the other three in the vertical plane of its

greatest double ordinate). This gauge being provided

with a short tube or collar properly placed for the pur-

pose of receiving the burner, at- once verifies its true

position, both vertical and horizontal. The diagrams

20 and 21 shew the nature of the apparatus for adjust-

ing the burners, the one being a plan and the other a

section. The four points which touch the curve are one

g at the vertex, two in the same horizontal plane with

Fig. 20.
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the focus, and near the edge of the mirror at P P, and

the fourth, also near the edge, and in the same vertical

Fig. 21.

plane with the focus. F is the focus. The horizontal

arms are graduated, and fitted with sliding pieces and

clamping screws at R, so as to admit of being varied

with the width of the mirror ; but each gauge applies

only to curves of the same focal distance ; the distance

F g being fixed. The gauge, when applied to the mir-

ror, is properly secured by the screws at R, R, and R'

;

and the burner which is attached to the oil-tube in a

temporary manner at A, is raised into the interior of

the mirror. If the tube of the burner ascends into the
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circular tube at F until (when fixed by the checking

handle already noticed at p. 95) its upper edge just

touches a narrow projection inside the tube F (so placed

that the rim of the burner should simply touch it when it

is on the level required for putting the brightest part of

the flame in the focus), then the burner is in the proper

position ; but if, on the one hand, the axis of the burner

stands beyond F, at some point between it and N (which

lies in the plane of the mirror’s edge), the bent tube 0
from the fountain must be shortened at A ; and if it rise

too high, that tube must be bent down (and vice versa),

until, by successive trials, it shall exactly fit into the

tube F, and stand at the proper level. A skilful work-

man soon comes to guess those quantities very accu-

rately ; and, almost at the first trial, curtails the tube

to the proper length, and bends it to the suitable level.

All that is needful is, to proceed cautiously, so as not to

cut the tube too short, for this leads to some trouble.

The great advantage derived by seamen from the

establishment of lights on a coast, soon makes the calls

for additional lights so frequent, that their very number

itself produces a new evil, in the difficulty of distin-

guishing the lights from each other. As the object of

a light is to make known to the benighted mariner the

land he has made, with as much certainty as the sight

of a hill or tower would shew him his position during

the day, it becomes an object of the first importance to

impress upon each light a distinctive character, which

shall effectually prevent the possibility of its being mis-

taken for any other.

Catoptric lights are susceptible of nine separate dis-

e 2
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tinctions which are called fixed, revolving white, revolv-

ing' red and white, revolving red with tvjo whites, re-

volving white with two reds, flashing, intermittent,

double fixed lights, and double revolving white lights.

The first exhibits a steady and uniform appearance,

which is not subject to any change
;
and the reflectors

used for it (as already noticed) are of smaller dimen-

sions than those employed in revolving lights. This is

necessary, in order to permit them to be ranged round

the circular frame, with their axes inclined at such an

angle, as shall enable them to illuminate every point of

the horizon. The revolving light is produced by the re-

volution of a frame with three or four sides, having re-

flectors of a larger size grouped on each side, with their

axes parallel ; and as the revolution exhibits once in

two minutes, or once in a minute, as may be required,

a light gradually increasing to full strength, and in the

same gradual manner decreasing to total darkness, its

appearance is extremely well marked. The succession

of red and white lights is caused by the revolution of a

frame whose different sides present red and white lights

;

and these, as already mentioned, afford three separate

distinctions, namely, alternate red and white
;
the suc-

cession of two white lights after one red, and the succes-

sion of two red lights after one white light. The flash-

ing light is produced in the same manner as the revolv-

ing light ; but owing to a different construction of the

frame, the reflectors on each of eight sides are arranged

with their rims or faces in one vertical plane, and their

axes in a line inclined to the perpendicular, a disposition

of the mirrors which, together with the greater quickness
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of the revolution, which shews a flash once in five se-

conds of time, produces a very striking effect, totally

different from that of a revolving light, and presenting

the appearance of the flash alternately rising and sink-

ing. The brightest and darkest periods being but mo-

mentary, this light is farther characterised by a rapid

succession of bright flashes, from which it gets its name.

The intermittent light is distinguished by bursting sud-

denly into view and continuing steady for a short time,

after which it is suddenly eclipsed for half a minute.

Its striking appearance is produced by the perpendicular

motion of circular shades in front of the reflectors, by

which the light is alternately hid and displayed. This

distinction, as well as that called the flashing light, is

peculiar to the Scotch coast, having been first introduced

by the late engineer of the Northern Lights Board.

The double lights (which are seldom used except where

there is a necessity for a leading line, as a guide for

taking some channel or avoiding some danger) are ge-

nerally exhibited from two towers, one of which is higher

than the other. At the Calf of Man, a striking variety

has been introduced into the character of leading lights,

by substituting for two fixed lights, two lights which re-

volve in the same periods, and exhibit their flashes at

the same instant ; and these lights are, of course, sus-

ceptible of the other variety enumerated above, that of

two revolving red and white lights, or flashing lights,

coming into view at equal intervals of time. The utility

of all these distinctions is to be valued with reference

to their property of at once striking the eye of an ob-

server and being instantaneously obvious to strangers.
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The introduction of colour, as a source of distinction,

is necessary, in order to obtain a sufficient number of

distinctions ; but it is in itself an evil of no small mag-

nitude ; as the effect is produced by interposing coloured

media between the burner and the observer’s eye, and

much light is thus lost by the absorption of those rays,

which are held back in order to cause the appearance

which is desired. Trial has been made of various

colours ; but red, blue, and green alone have been found

useful, and the two latter only at distances so short as

to render them altogether unfit for sea-lights. Owing

to the depth of tint which is required to produce a

marked effect, the red shades generally used absorb from

fths to fths of the whole light, an enormous loss, and

sufficient to discourage the adoption of that mode of dis-

tinction in every situation where it can possibly be

avoided. The red glass used in France absorbs only

fths of the light ; but its colour produces, as might be

expected, a much less marked distinction to the seaman’s

eye. In the lighthouses of Scotland, a simple and con-

venient arrangement exists for colouring the lights,

which consists in using chimneys of red glass, instead of

placing large discs in front of the reflectors.

After what has been already said on the subject of

divergence, it will at once be seen, that in revolving

lights the reflectors are placed with their axes parallel

to each other, so as to concentrate their power in one

direction ; whilst in fixed lights it is necessary, in

order to approach as near as possible to an equal

distribution of the light over the horizon, to place

the reflectors, with their axes inclined to each other,
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at an angle somewhat less than that of the diver-

gence of the reflected cone. For this purpose, a brass

gauge (see fig. 22), composed of two long arms, AM, AM,

Fig. 22.

0

/ \
f

f

/

/ \

/ \
V

somewhat in the form of a pair of common dividers,

connected by means of a graduated limb A, is employed.

The arms having been first placed at the angle, which

is supplemental to that of the inclination of the axes of

the two adjacent mirrors at O, are made to span the

face of the reflectors, one of which is moved about till

its edges are in close contact with the flat surface of one.

of the arms of the gauge.

Figs. 23 and 24 shew an elevation and plan of a re-

volving apparatus on the catoptric principle. In these
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figures, n n shews the reflector flame or chandelier ; o o,

the reflectors with their oil-fountains pp. The whole

is attached to the revolving axis or shaft q. The copper

tubes r r convey the smoke from the lamps ; s s are cross

bars which support the shaft at 1 1 ; u u is a copper pan for

receiving any moisture which may accidentally enter at

the central ventilator in the roof of the lightroom ; l is
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Fig. 24.

a cast-iron bracket, supporting the cup in which the

pivot of the shaft turns ; m m are bevelled wheels, which

convey motion from the machine to the shaft. The ma-

chinery does not require any particular notice, being that

of common clockwork, moved by the descent of a weight.

Fig. 25 shews a plan of one tier of reflectors arranged

Fig. 25.
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in the manner employed in a fixed catoptric light ; n n

shews the chandelier, q the fixed shaft in the centre,

which supports the whole, oo the reflectors, andpp the

fountains of their lamps. In this figure (in order to

prevent confusion) only one tier of reflectors is shewn ;

the other tiers are so arranged, that their axes divide

into equal angles the arcs intercepted between the axes

of the adjoining reflectors on the first tier, thereby pro-

ducing the nearest approach to an equal distribution of

the light, which is attainable by this arrangement.

In lighthouses of moderate height, the proper position

for the reflector itself is perfect horizontality of its

axis, which may be ascertained with sufficient accuracy,

by trying with a plummet, whether the lips of the in-

strument, which we may conclude to be at right angles

to the plane of its axis, be truly vertical. In light-

rooms very much elevated above the sea, however, the

dip of the horizon becomes notable ; and a slight incli-

nation forwards should be given to the face of the re-

flectors, so that their axes produced may be tangents to

the earth at the visible horizon of the lightroom ; an ar-

rangement which, in practice, may be easily made by

reflecting the sea horizon, in a small mirror placed at the

focus, and inclined at 45° to the axis of the paraboloid,

so that the image of the sea-line may reach the eye in

the line of the parameter, in the same manner, as is after-

wards noticed, in speaking of the inclination of the curved

mirrors used in addition to the refractors in certain diop-

tric fixed lights. This dip of the reflector, however,

must not be permitted to interfere with the perfect hori-

zontality of the top of the burner, which is indispensable

to its proper burning.
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Various forms of the parabolic mirror were invented

by M. Bordier Marcet, the pupil and successor of Ar-

gand, who has laboured with much enthusiasm in per-

fecting catoptric instruments, more especially with a

view to their application in the illumination of light-

houses and the streets of towns. Amongst many other

ingenious combinations, he has invented and constructed

an apparatus which is much used in harbour-lights on

the French coast, where it is known by the fanciful name

of Fanal* sideral. The object is to fulfil, as economi-

cally as possible, the condition required in a fixed light,

of illuminating, with perfect equality, every part of the

horizon, by means of a single burner ; and M. Bordier

Marcet has, in his workshop at Paris, an instrument of

this kind, eight feet in diameter, which he constructed

on speculation. The apparatus used in harbour-lights,

on the French coast, is of much smaller dimensions, and

does not exceed fifteen inches in diameter. A perfect

idea of the construction and effect of this instrument

may be formed, by conceiving a parabola to revolve

about its parameter as a vertical axis, so that its upper

and lower limbs would become the generating lines of

two surfaces possessing the property of reflecting, in

lines parallel to the axis of the parabola, all the rays

incident upon them, from a light placed in the point

where the parameter and axis of the generating para-

bola intersect each other. This point being the focus

of each parabolic section of this apparatus, light is

equally dispersed in every point of the horizon, when

* Fanal, from <pam, a lantern.
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the axis of the parabolic section is in a plane perpendi-

cular to a vertical line. But however perfectly this ap-

paratus may attain its important object, it necessarily

produces a feeble effect; because, as its action is en-

tirely confined to the vertical direction, the light distri-

buted by it decreases directly as the distance of the ob-

server. This beautiful little instrument is shewn at

fig. 26, in which b shews the burner, pp the upper re-

flecting surface, andp'p' the lower reflecting surface, both

generated in the manner above described by the revolu-

Fig. 26.

tion of a parabola about its parameter x b

;

F is the

focus of the generating parabola ; and 1

1

are small pil-

lars which connect the two reflecting plates, and give

strength to the apparatus.

M. Bordier Marcet has also prepared an ingenious

modification of the paraboloidal mirror, which he has

described under the name of fanal a double effet ; and

the object of which is to obtain a convenient degree of

divergence from parabolic mirrors, by the use of two

flames and two reflecting surfaces, each of which is
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acted upon by its own flame, and also by that of the

other. This modification consists in the union of two

portions of hollow paraboloidal mirrors, generated by

the revolution of two parabolas about a common hori-

zontal axis, and illuminated by two lamps placed in the

focus of each. The first surface is generated by the re-

volution on its axis of a segment of a paraboloid inter-

cepted between the parameter and some double ordinate

greater than it, and may, from its form, be called the

ribbon-shaped mirror. The second surface is that of a

parabolic conoid, which is cut off by a vertical plane

passing through a double ordinate, which is equal to the

parameter of the parabolic ribbon, which is placed in

front of it. The elements of the curve which forms the

cono'idal mirror, must be so chosen as to have its focus

at a convenient distance in front of that of the ribbon-

shaped mirror, so as to admit of placing the two lamps

separate from each other, as well as to produce the ne-

cessary degree of divergence, which is to be obtained by

the action of these mirrors respectively on the flame

placed in the focus of the other. These two mirrors are

joined together in the line of the parametric section of

the ribbon, which coincides with the lips of the conoid

at some double ordinate behind its parameter. Each

mirror produces, by means of the lamp placed in its

focus, an approach to parallelism of the reflected rays,

which the designer has not inaptly termed the princi-

pal effect; whilst the action of each surface on the

lamp which is placed in the focus of the other, causes

what the inventor calls the secondary or lateral effect.

Their secondary action may be described thus : The
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lamp, which is in the focus of the ribbon, is much nearer

the vertex of the conoid than its own focus ; so that its

rays making, with normals to the surface of the conoid,

angles greater than those which are formed by the rays

proceeding from its focus, are of necessity reflected in

lines diverging from the axis of the mirror. Those, on

the contrary, which proceed from the focus of the conoid,

meet the ribbon-shaped surface, so as to make angles

with its normals more acute than those which the rays

from its own focus could do, and which are, therefore,

reflected in lines converging to the axis of the mirror.

Those reflected rays must therefore cut the axis, and di-

verge from it on the other side. This apparatus has been

used at La Heve, near Le Havre, and some other lights

on the French coast ; but it is impossible not to perceive

the great loss of light which results from the use of two

flames in one mirror ; and it must not be forgotten, that

the divergence which is obtained by means of it is not

confined to the horizontal direction in which only it

is wanted; but that the light is at the same time

scattered in every direction round the edge of the

mirror.

Arrangements of a similar kind were proposed and

executed for the same purpose of uniting greater diver-

gence with considerable power in the central parts of

the resultant beam, by Argand himself, in 1806, and

also in 1808, by M. Haudry, Ingenieur des Fonts et

Chaussees. Argand proposed the union of a paraboloid

and an ellipsoid, having their foci coincident in one

point, which, being the posterior focus of the latter

curve, was illuminated by the rays reflected to it by
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means of the ellipsoidal surface from the lamp placed

in the anterior focus. From the optical focus thus ob-

tained, some rays would fall on the paraboloidal surface

and produce, by reflection, a cylinder of parallel rays,

while the rest would diverge from the axis, and form a

zone of spreading rays. M. Haudry’s plan consisted of

a combination of a conical with a paraboloidal mirror so

placed, that the rays from the front part of the hollow

cone might he nearly parallel to those sent out by the

paraboloid ; while the rays from its base, diverging

from the axis, might produce a ring of divergent rays,

similar to that obtained from the ellipsoid of Argand’s

apparatus. It would occupy much time to exhibit all

the disadvantages of the arrangements in the fanal

a double effet, and also in those of Argand and Haudry ;

and I shall therefore dismiss the subject by observ-

ing that the loss of light due to the position of the

flame in the apparatus of Argand, is so great as to in-

duce one to wonder that such combinations should ever

have been attempted. There can be no doubt, that the

most efficient mode of obtaining due divergence from

mirrors is, to adopt the paraboloid, with a short focal

distance, which has the double advantage of increasing

the divergence which is due inversely to the focal dis-

tance, and, at the same time, subjecting to the action of

the mirror a larger portion of the luminous sphere pro-

ceeding from the flame. This, however, as already no-

ticed, may be pushed too far.

Lastly, I shall notice M. Bordier Marcet’s fanal d
double face, which consists of two paraboloidal mirrors,

truncated in the vertical plane of the parameter, and
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united together hack to back, so as to he illuminated by

the same lamp placed in their common focus. To save

the light which would otherwise escape the catoptric

action, he adds a parabolic conoid of greater focal dis-

tance and so placed, that while its focus may coincide

with the common focus of the other mirrors, its size

may be so restricted, that it shall not interfere with

the effect of the truncated mirror opposite which it is

situate. The obvious consequence of such an arrange-

ment is, that the rays (see fig. 27) produced from a lamp

in the common focus of the three mirrors, will produce

in opposite directions a luminous ring from each of the

truncated mirrors AC, BC, and A'C”, B'C, while the

Fig. 27.

A B

central or conoidal mirror MN will fill the interior of

one of those luminous rings with a cone of rays, whose

intensity will be in the inverse ratio of MN* to a b2 (or

FM* to F a2
), which latter surface represents the whole

amount of naturally divergent rays, which strike on a b ,

and which are spread over MN. Two sets of reflectors

of this form facing in opposite directions (each set ar-
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ranged in one plane, and fixed on a frame which could

be made to revolve round a vertical axis), would thus pre-

sent their brightest effect after considerable intervals of

darkness; but, by arranging them with their axes slightly

inclined, they were made to prolong the light periods

and curtail the dark ones. M. Bordier Marcet speaks

of this apparatus with all the satisfaction generally felt

by inventors
;
but it is no difficult matter to identify

its economic effect with that of the common paraboloidal

mirrors. It is obvious, that all the rays which fall from

a true focal point on the three reflectors AC, BC, A'O',

B'C, and MN, are merely those which would fall on a

single reflector, whose double ordinate and the portion

of the abscissa between that ordinate and the focus, are

equal to those of the first reflector of the compound sys-

tem, so that the quantity of light reflected by the three

reflectors is neither more nor less than that which would

be projected by one. All the difference that can exist

is, that in the case of a flame which has a notable size,

the surface MN being farther distant than a b, would

produce less aberration and, consequently, a very slight

increase of intensity in the small portion of the reflected

beam of parallel rays due to that part of the compound

mirrorr We cannot, therefore, sensibly err in rejecting

any advantage to be derived from this arrangement as

insignificant.*

Spherical mirrors have been employed in lighthouses

chiefly when they can be introduced to aid the effect of

refracting apparatus ; and it will not be necessary to

* See Peclet’s Traits de l'Eclairage, p. 302, from which fig. 27
is copied.
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say much of them in this place. I must, however, no-

tice an ingenious proposal of Mr W. H. Barlow,* who

suggests placing, in front of the flame, a small spherical

reflector, whose centre is coincident with the focus of a

paraboloid and whose subtense is the parameter of the

generating curve. The small mirror, being somewhat

less than a hemisphere, would cause the light falling

upon it to be returned through the focus so as to reach

the paraboloidal surface, and to be finally reflected from

that portion of it which is embraced between the limits

of its extreme divergence. If there were no loss of

light at the surface of the small mirror, its effect would

be to increase the power of the beam of parallel rays by

an amount equal to the sum of the rays incident on the

spherical surface, but at the same time to diminish it

by intercepting a small portion of the light reflected from

the paraboloid, equal to a circle whose diameter is the

chord of the spherical segment itself. I am not aware

that such a combination has been tried, as it applies

most advantageously to reflectors whose span does not

exceed the parameter of the generating curve, a form

rarely adopted in lighthouses
; but it might also be

adapted to reflectors which intercept a larger portion of

light, by employing a still smaller segment of the

sphere. The cone of rays proceeding from the small

sphere would also of necessity have great aberration.

Captain Smith, of the Madras Engineers, has de-

scribed, in the t; Professional Papers of the ‘ Corps of

* In an excellent paper, above noticed, on the Illumination of

Lighthouses, in the London Transactions, for 1837.
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Engineers,’ * a new system of fixed lights,” which con-

sists in placing a flat wick in the focus of one-half of a

hollow parabolic spindle generated by the rotation of a

parabola about its parameter as a vertical axis. The

action of the instrument is obvious, for each vertical

section being parabolic, effects a change only in the ver-

tical divergence of the rays incident on it from the focus,

and suffers their horizontal direction to remain unal-

tered ; thus each vertical plate of reflected rays passes

through the parameter of the curve and illuminates the

opposite point of the horizon, by means of a narrow

strip or line of light. Two hollow spindles of that

form, each lighting 180° and facing opposite azimuths,

would, therefore, be sufficient to illuminate, in a very

feeble manner, the whole horizon of a lighthouse. The

author of the paper, however, appears, to contemplate

the employment of a series of those mirrors ranged

one above another and breaking joint vertically, some-

what in the manner already described in speaking of

the arrangement of the paraboloidal mirrors used in

fixed lights. The advantages of this mode of illumi-

nation are much overrated by Captain Smith, who

seems to magnify beyond its real proportion the risk

attending the use, in the dioptric apparatus, of a single

lamp, whose sudden extinction would deprive at once

the whole horizon of the benefit of the light
; while,

on the contrary, he reckons the security obtained by

his arrangement as an advantage of the highest value.

* Vol. v., p. 56.

F
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In certain situations, where no regular establishment

of trained light-keepers is maintained, that security

may be an object of more importance, and may war-

rant a greater sacrifice, than is necessary in Great

Britain
;
but I have no hesitation in saying, that I know

of no situation in which the plan proposed by Captain

Smith could bear comparison with the mode of illumi-

nation for fixed lights by means of the catadioptric in-

struments of Fresnel.

A brief notice of the manufacture of lighthouse re-

flectors will conclude the first part of this Treatise.

The reflector-plate consists of virgin silver and the

purest copper (from the ingot), in the proportion of 6 oz.

of silver to 16 oz. of copper. The two metals are in

pieces, forming a flat parallelopiped of about nine inches

of surface. Being first thoroughly scraped and cleared

from rust with a file, they are tied together with wire

and placed in the furnace, where they are united by

means of a flux composed of burnt borax and nitre,

mixed to the consistence of cream. Their thickness

is sufficient to admit of their being repeatedly passed

through the rolling-mill, so as at last to come out a

plate twenty-eight inches square. Every time it is

passed through the rollers, the plate is annealed in the

furnace before being again pressed. It is then cut into

a circular disc ready for working. Great care should

be taken to keep the metal perfectly clean during the

whole processes of hammering and polishing. The first

step towards forming the plate to the curve, is to

raise the back or copper side to a slight convexity by

beating (with the boxwood mallet, fig. 28, rounded at
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each end, c and d) its inner or silver

side upon a large block of beechwood,

of a form slightly concave. This beat-

ing is begun at the edge of the plate,

and graduallyreaches the centre. After

the disc has been raised to the proper

height on the wooden block, the next

step is to take it to the horse (fig. 32,

page 125,) where it is beaten with the wooden mallet

(fig. 29), its concave face being in contact with the bright

steel-head a (fig. 32), until it has nearly reached the pro-

per height for the reflector, for which the workman has

a gauge or mould to guide him ; in this course of rais-

ing, as it is called, the peened face hah (fig. 29) is first

used, and then recourse is had to the opposite or flat face

for smoothing it after being raised. In this last course

of raising, as well as in the process of smoothing the re-

flector all over, the workman bestrides the horse ;
and

when in this attitude, a boy assists him in manoeuvring

the reflector.

Fig. 28

Fig. 29. Fig. 30.
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During the process of raising with the peened side of

the mallet, an external mould FGHF (fig. 30), with a

needle-point P at its vertex, to indicate its proper position

with reference to the mould, is frequently applied ; and

allowance is made on the height and diameter of the

reflector to meet the expansion of the metal during the

hard hammering which is to follow. After each course

of the raising with the wooden mallets, the reflector

must be annealed in the following manner :—The re-

flector is first damped with clean water, and its surface

dusted over with a powder, composed of one pint of pow-

dered charcoal to one ounce of saltpetre, which is ap-

plied by means of a thin flannel bag. The reflector is

then put on a clear charcoal fire, where it is turned

round as the powder flies off, an effect which indicates

that the metal is duly heated. Over-heating is very in-

jurious. When removed from the fire, the reflector is

plunged into a large tub, containing what is called the

pickle, which is a solution of one quart of vitriol in five

or six gallons of water. After this it is washed with

clean water, and scoured with Calais sand.

The next step is to put the reflector, thus raised near-

ly to its true form, into an iron stool, where a small

hole being drilled in its vertex, a circle is described

from this point with a beam-compass, so as to cut the

paraboloid to the proper size.

The reflector is next hard hammered all over (or

planished, as it is technically termed) on the bright

steel-head a (fig. 32), with the planishing hammer (fig.

31) ;
and to facilitate working, the reflector is slung in

a flexible frame SS, and counterbalanced by a weight
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w, hanging by a cord over the pulleys pp. When the

reflector is all planished over, the next process is the

smoothing, which is done on the steel-head a, with a

lighter hammer (fig. 33), muffled with fine parchment

at each end. After it is smoothed comes the finish-
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ing, or what is called the filling up to the mould.

This is a tedious process; and the workman requires con-

tinually to have recourse to the marble table at M, on

which he lays the reflector, as shewn in fig. 34, and

Fig. 34.

applies to successive portions of its surface the mould

g n, which has a needle-point centred at n, in the small

hole drilled in the vertex. During this examination,

he marks with a fine slate-pencil those portions of the

reflector which do not meet the mould g n. The parts,

so marked, are gently gone over with the muffled ham-

mer, until every point touches the mould. This last

process requires great caution ; for, if any part of the

surface be raised above the gauge, it is hardly possible

to remedy it. Such a mistake, indeed, can only be cor-

rected by annealing the reflector afresh, and bringing it

back to the true form with the mallet ; but reflectors so

cobbled are never good. The table M (fig. 34) rests on a

square box C, in which the tools and moulds are kept.

Digitized by Google



CATOPTRIC SYSTEM OF LIGHTS. 127

When thus finished from the hammer, the reflector is

put into the apparatus shewn in fig. 35, which is placed

at the end of a long dark corridor. RR is a wooden

Fig. 35.

frame fixed to the wall with projecting brackets at K,

which support the reflector fixed at E, E, by means of

screws, so as always to have a definite position with re-

ference to the bracket B, which carries the lamp and its

fountain /, so arranged that its flame may admit of per-

fect adjustment to the point which ought to be the focus

of the reflector. This adjustment is partly effected by

the screws S, which serve to raise and depress the level

of the burner ; and the lines or marks, M, M' shewn at

the sockets J being brought into line, regulate the posi-

tion of the burner in the horizontal plane of the focus,

after it has been raised to the level of that plane by

means of the screws at S. The lamp being lighted and

thus properly placed, its effect on the reflector’s sur-
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face is observed by some one stationed at a convenient

distance ; and if the whole surface appear luminous the

instrument is considered fit for polishing ; but if any

dark spaces be found in it, the whole reflector must be

again carefully tested by means of the mould, and the

defective parts remedied in the manner above described.

The next step is to turn over the edge of the reflector,

so as to stiffen it. For this purpose it is placed in the

matrix F F (fig. 36), and the needle-point at V is ad-

justed by the screw at D, so as just to enter the small

hole formerly drilled in the vertex of the reflector. The

die-plate P P (worked by means of the arms A A, which

turn the screw S) then descends and presses the edge

over, which is finished with a finely polished tool C, re-

volving round the axis of the instrument, which, of

course, coincides with the centre of the matrix and

die. In order to ensure a steady vertical movement

of the die-plate P P, cross-arms F F, provided with

sockets H H, which slide over the rods G G, G G, are

added to prevent any lateral shake or derangement.

The whole frame is stiffened by the cross-head in which

the screw S works.

The reflector is then placed on the circular cast-iron

table (figs. 37, 38), to which it is attached by the clamp-

screws S, S. In this position, the bizzle W (fig. 37)

and back-belt NAN (fig. 38), are soldered on. After

this the reflector is ready for being finally polished ; for

which purpose, it is placed in a chaise percee, padded

round the edges, and is first scoured all over with a piece

of pure charcoal of hard wood (generally of pear-tree),

and next with a mixture of Florence oil and finely
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washed rottenstone, applied bj means of a large ball of

Fig. 36.

superfine cloth. It is then carefully cleansed with a

piece of fine flannel dipped in Florence oil, and after-
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Fig. 37.

Fig. 38.

wards dusted over with the powder of well-washed

whiting, and wiped out with a soft cotton cloth. Lastly,

it is carefully rubbed by the naked hand, with finely

washed rouge and eleamwater, and wiped with a smooth

chamois skin. In all the polishing and cleansing pro-

cesses, some skill in manipulation is required, as the

hand is generally moved in such a manner as to de-

scribe successive circles with their planes parallel to

the lips of the reflector, and their centres in the axis of

the generating curve.
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The prices paid to the workmen for the various de-

partments of the reflector-making are generally as fol-

lows :

—

Raising the plate to the curve, with the wooden

mallet, £0 10 0

Hammering and smoothing to the mould, . .15 0

Finishing in the die, and putting on bizzle and

back belt, . . . . . . .060
Polishing, . . . . . . . 0 12 0

£2 13 0

The prices paid to the manufacturer were, for the

large reflectors of 24 inches aperture, £43 ; for the small

ones of 21 inches, £31, 12s. The lamp with the sliding-

carriage, required for each, costs £6,

NEILL AND COMPANY, PBINTER8, EDINBURG fl.
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TREATISE ON LIGHTHOUSES.

DIOPTRIC* SYSTEM OF LIGHTS.

One of the earliest notices of the application of lenses

to lighthouses is in Smeaton’s Narrative of the Eddy-

stone Lighthouse, where it is mentioned that a London

optician, in 1759, proposed grinding the glass of the

lantern to a radius of seven feet six inches. The de-

scription is too vague to admit of any conjecture as to

the proposed arrangement of the apparatus ; but if the

lenticular form had been adopted, the fixed light would

have been invisible over the greater part of the horizon.

About the middle of the last century, however, lenses

were actually tried in several lighthouses in the south of

England, and in particular at the South Foreland in the

year 1752 ; but their imperfect figure and the quantity

of light absorbed by the glass, which was of impure qua-

lity and of considerable thickness, rendered their effect

so much inferior to that of the paraboloidal reflectors

then in use, that after trying some strange combinations

of lenses and reflectors, the former were finally aban-

* Most probably directly derived from the Greek ihovrgov,

an optical instrument with holes for looking through, whose name

is a compound of 3/d, through, and ovro/jjai, / see.

A
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doned. Lenses were also tried at the lights of Port-

land, Hill of Howth, and Waterford, by Mr Thomas

Rogers, a glass manufacturer in London; who pos-

sessed, it is said, the art of blowing mirrors of glass,

“ and by a new method, silvered over the convex side

without quicksilver.”*

The object to be attained by the use of lenses in a

lighthouse is, of course, identical with that which is

answered by employing reflectors ; and both instruments

effect the same end by different means, collecting the

rays which diverge from a point called the focus, and

projecting them forward in a beam, whose axis coincides

with the produced axis of the instrument. We have

already seen that, in the case of reflection, this result is

produced by the light being thrown hack from a sur-

face so formed as to cause all the rays to proceed in one

and the same required direction. In the case of refrac-

tion, on the other hand, the rays pass through the re-

fracting medium, and are bent or refracted from their

natural course into that which is desired.

The celebrated Buffon, in order to prevent the great

absorption of light by the thickness of the material, which

would necessarily result from giving to a lens of great

dimensions a figure continuously spherical, proposed to

grind, out of a solid piece of glass, a lens in steps or con-

centric zones. This suggestion of Buffon about the con-

struction of large burning glasses, was first executed,

with tolerable success, about the year 1780, by the Abbe

Rochon
;
but such are the difficulties attending the pro-

* Hutchinson’s Practical Seamanship, p. 200. See also the

notice of the spherical mirrors made by Messrs Fran$ois and

Letourneau of Paris, in a subsequent part of this volume.

Digitized by Google



DIOPTRIC SYSTEM OF LIGHTS. 3

cess of working a solid piece of glass into the necessary

form, that it is believed the only other instrument ever

constructed in this manner, is that which was made for

the Commissioners of Northern Lighthouses by Messrs

Cookson of Newcastle-upon-Tyne, who imagined that

they would thus avoid much risk and uncertainty in unit-

ing the separate zones so as to form a compound lens.

The merit of having first suggested the building of

lenses in separate pieces, seems to be due to Condorcet,

who, in his Eloge de Buffon, published so far back as

1773, enumerates the advantages to be derived from this

method.* Sir David Brewster also described this mode

of building lenses in 1811, in the Edinburgh Encyclo-

paedia ; and in 1822, the late eminent Fresnel, unac-

quainted with the suggestions of Condorcet or the de-

scription by Sir David Brewster, explained, with many

ingenious and interesting details, the same mode of con-

structing those instruments which he had discovered

for himself in 1819. To Fresnel belongs the additional

merit of having first followed up his invention, by the

construction of a lens, and, in conjunction with MM.
Arago and Mathieu, of placing a powerful lamp in its

focus, and indeed of finally applying it to the practical

purposes of a lighthouse ; nor will I omit to record, to

his honour, that, in his original Memoire, he frankly

* On pourrait m£me composer de plusieurs pieces ces loupes

a Echelons ;
on y gagnerait plus de facility dans la construction,

une grande diminution de ddpense, l’avantage de pouvoir leur

donner plus d’dtendue, et celui d’employer, suivant le b^soin, un

nombre de cercles plus ou raoins grand, et d’obtenir ainsi d’un

m&me instrument diff^rents d^gres de force .—Eloge de Buffon,

p. 35 ; (Euvres de Condorcet, tom. iv., Paris 1804.
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notices the discoveries by which his predecessors had in

part anticipated the system of illumination which now

justly bears his name.

The great advantages which attend the mode of con-

struction proposed by Condorcet are,—the ease of execu-

tion, by which a more perfect figure may be given to

each zone and spherical aberration in a great measure

corrected, and the power of forming a lens of larger

dimensions than could easily be made from a solid piece.

Both Buffon and Condorcet, however, chiefly speak of

reducing the thickness of the material, and do not seem

to have thought of determining the radius and centre of

the curvature of the generating arcs of each zone, hav-

ing contented themselves with simply depressing the

spherical surface in separate portions. Fresnel, on the

other hand, determined the position of those centres,

which continually recede from the vertex of the lens in

proportion as the zones to which they refer are re-

moved from its centre ; and the surfaces of the zones

consequently, are not, as in Buffon’s lens, parts of

concentric spheres. It deserves notice, that the first

lenses constructed for Fresnel by M. Soleil had their

zones polygonal, so that the surfaces were not an-

nular, a form which Fresnel considered less accommo-

dated to the ordinary resources of the optician. He

also, with his habitual penetration, preferred the plano-

convex to the double-convex form, as more easily exe-

cuted.* After mature consideration, he finally adopted

* The plano-convex lens, with its curved side towards the par-

allel rays, is, moreover, a form producing small spherical aberra-

tion, a circumstance which may also have influenced his choice.
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crown glass, which, notwithstanding its greenish colour,

he preferred to flint glass, as being more free from strict.

All his calculations were made in reference to an index

of refraction of 1-51, which he had verified by repeated

experiments, conducted with that patience and accuracy

for which, amidst his higher qualities, he was so remark-

ably distinguished.* The instruments have received the

name of annular lenses, from the figure of the surface

of the zones.

To the Dutch belongs the honour of having first fol-

lowed the French in introducing the system of Fresnel

into their lighthouses. The Commissioners of the

Northern Lighthouses next followed in the train of im-

provement
; and in 1824, in consequence of a suggestion

conveyed to their engineer, Mr Robert Stevenson, in a

letter from his friend, General Colby, R.E., they sent

him to visit France, and to report upon the lights of that

country, which he did, on the 31st December 1 824, and

by order of the Board also imported lenses from France,

for the purpose of experiments. After many trials, he,

in a report dated 30th December 1825, recommended

the adoption of lenses in the new light of Buchanness,

a proposal which, in consideration of certain peculiari-

ties in the distinguishing characteristics of that light,

was not acted on. Although many experiments were

made with the lenses during the winter of every succeed-

* My friend, Mr William Swan, carefully examined, by his new
and ingenious method, described in the Edinburgh New Philoso-

phical Journal, January 1844, several specimens of the St Gobain

glass (which is now used in the manufacture of the lenses), and

found its refractive index to be 1 -51793, the difference between

the greatest and least values being only 0'00109.
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ing year, it was not until the spring of 1834 that the

Commissioners took decisive steps for deciding the ques-

tion as to the comparative merits of the catoptric and

dioptric system, by sending me, in the spring of 1834,

on a mission to Paris, with full power to take such

steps for acquiring a perfect knowledge of the dioptric

system, and forming an opinion on its merits, as I

should find necessary. The singular liberality with

which I was received by M. Leonor Fresnel, brother of

the late illustrious inventor of the system, and his suc-

cessor as the Secretary of the Lighthouse Commission of

France, afforded me the means of making such a report

on my return, as induced the Commissioners to authorise

me to remove the reflecting apparatus of the revolving

light at Inchkeith, and substitute dioptric instruments

in its place. This change was completed, and the light

exhibited on the evening of 1st October 1835 ;
and so

great was the satisfaction which the change produced,

that the Commissioners immediately instructed me to

make a similar change at the fixed light of the Isle of

May, where the new light was exhibited on the 22d Sep-

tember 1836. The Trinity-House of Deptford Strond

followed next in adopting the improved system, and em-

ployed me to superintend the construction of a revolv-

ing dioptric light of the first order, which was after-

wards erected at the Start Point in Devonshire. Other

countries, from Gibraltar to the White Sea, and as far

east as the Levant, soon began to shew symptoms of

interest in this important change
;
and America, it is

believed, is likely soon to adopt active measures for the

improvement of her lighthouses. Fresnel, who is al-
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ready classed with the greatest of those inventors

who extend the boundaries of human knowledge, will

thus, at the same time, receive a place amongst those

benefactors of the species who have consecrated their

genius to the common good of mankind ; and, wherever

maritime intercourse prevails, the solid advantages which

his labours have procured, will be felt and acknow-

ledged.*

A ray of light, in passing obliquely from one trans-

parent body into another of different density, experiences

at the point of the intersection of the common surface

of the two planes, a sudden change of direction, to which

the name of refraction has naturally been given, in con-

nection with the most familiar instance of the phenome-

non, which is exhibited by a straight ruler with one-

half plunged into a basin of water, while the other re-

mains in the air. The ruler no longer appears straight,

but seems to be bent back or broken at the point where

it enters the water. It may not be out of place to call

* In justice to General Colby I must notice a statement by Mr
Alexander Gordon, in his evidence before the Lighthouse Com-

mittee in 1845, to the effect that, “ in the year 1833 or 1834,

he was the means of introducing to the Trinity-House and the

Northern Lights Commissioners, the lenticulated system of

Fresnel.” This statement (in so far as concerns the Northern

Lights Board, which first adopted the system of Fresnel) is incor-

rect; and the only communication from that gentleman (which

contained a proposal to exhibit a small harbour-light apparatus)

was in Sept. 1834, ten years after Mr Robert Stevenson had

imported the lenses from Paris, and three months after I had

ordered, during my visit to Paris, a catadioptric apparatus of the

same kind for the Commissioners of the Northern Lighthouses.
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8 DIOPTRIC SYSTEM OF LIGHTS.

attention to the laws which regulate the change of direc-

tion in the incident light produced by refraction, which

are three in number.

1. Incidence and refraction, in uncrystallised media

of homogeneous structure such as glass, always occur in

a plane perpendicular to that of the refracting surface.

2. In the same substances, the angle formed with the

perpendicular by the ray at its entering the surface of

the second medium, has to the angle which it makes with

the normal after it has entered the surface, such a rela-

tion, that their sines have a fixed ratio, which is called

the refractive index. When a ray falls normally on

the surface of any substance, it suffers no refraction.

3. The effect of passing from a rare to a dense me-

dium, as from air into water or glass, is to make the

angle of refraction less than the angle of incidence ;

and those angles are measured with reference to a

normal to the plane which separates the media at the

point of incidence. The converse phenomenon, of course,

takes place in the passage from a dense to a rare me-

dium, in which case the angle of incidence is less than

the angle of refraction. To this rule there are a few

exceptions ; for there are certain combustible bodies,

such as diamond, whose refractive powers are much

greater than other substances of equal density.

The diagram (fig. 39) will serve to render those laws

more intelligible. Let a ray of light a 0 meet a sur-

face of water nmatO, it will be immediately bent into

the direction 0 a'
;
and if, from the centre 0, we de-

scribe any circle, and draw a line 6 0 V, perpendicular

tonm; then a b and a' b', perpendiculars drawn to the

normal b b’, from the points a and a', where the circle
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cuts the incident and refracted rays, will be the sines

Fig. 39.

of the angle of incidence b O a, and of the angle of re-

fraction b' 0 a', and the ratio of those sines to each

other, or
^ a- will be the relative index of refraction
b' a'

for the two media.

4. It may perhaps be added, for convenience, as a

fourth law, deducible from the others, that since rays

passing from a dense into a rare medium, have their

angle of refraction greater than the angle of incidence,

there must be some angle of incidence whose correspond-

ing angle of refraction is a right angle ; beyond which

no refraction can take place, because there is no angle

whose sine can be greater than the radius. In such cir-

cumstances, total reflection ensues. For common glass,

whose index of refraction is l -

5, we have (in the case

~
, . c • , sine of refraction

of emergent rays) sine ot incidence = ——=
;

I’D

but, as no sine can exceed radius or unity, the angle of

incidence must be limited to 41° 49'
; beyond which

total reflection will take place, and the light will re-

a 2
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10 DIOPTRIC SYSTEM OF LIGHTS.

turn inwards into the glass, being reflected at its sur-

face.

Thus, if a ray proceed from a point 0 (fig. 40), within

Fig. 40.

a piece of glass, to a point C, at its surface AB ; and

if OC b, its incidence, be less than 41° 49/

, it will be

refracted in some direction C/ ;
but if this angle be

greater than 41° 49', as 0 O' b', the ray will be reflected

back into the glass in the direction O' O'.

The material hitherto employed in the construction

of lighthouse apparatus is crown glass, which, although

it possesses a lower refractive power than flint glass,

and has, besides, a slightly greenish tinge, offers the

great practical advantages of being more easily obtained

of homogeneous quality
;
and, being less subject to de-

terioration from atmospheric influences, it is peculiarly

suitable for use in the exposed situations generally oc-

cupied by lighthouses. The refractive index of crown

glass, as already noticed, is about 1*5. There is now,

however, some prospect of flint glass, with a low refrac-

tive power and considerable purity, being employed.
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By protracting the angles of incidence and refraction,

in the manner above described, any one may easily sa-

tisfy himself of the truth of the following general pro-

positions resulting from those laws :

—

1. A ray of light passing through a plate of some

diaphanous substance such as glass, with parallel sur-

faces, suffers no change of direction ,
but emerges in a

line parallel to its original path, merely suffering a dis-

placement, depending on the obliquity of the incident

ray, and the refractive power and thickness of the

plate. The effect of this displacement is merely to give

the ray an apparent point of origin different from the

true one. This will be easily understood by the dia-

gram (fig. 41), in which ab is a normal to the plate,

Fig. 41.

«r

whose surfaces x x and od of are parallel, rrrr shews

the path of the ray, r r the displacement, and r' the ap-

parent point of origin resulting from its altered direc-

tion.

2. When a ray passes through a triangular prism

a b c, the inclination of the faces a c and c b causes the
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12 DIOPTRIC SYSTEM OF LIGHTS.

emergent ray r' to be bent towards a b, the base of the

Fig. 42. •

prism, in a measure depending on the inclination of the

sides of the prism and the obliquity of the incident ray

to the first surface.

3. When parallel rays fall on a concave lens, they

will, at their emergence, be divergent. The section of

Fig. 43.

,r

.v

x

X

X

the diaphanous body abed may be regarded as com-

posed of innumerable frusta of prisms, having their

apices directed towards the centre line x r ; and the

rays which pass through the centre, being normal to

the surface, will be unchanged in their direction, while

all the others will (as shewn in the figure), suffer a

change of direction, increasing with their distance from

the centre, owing to the increasing inclination of the

surfaces of the lens as they recede from its axis.
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4. Lastly, when divergent rays fall on a convex lens

a b, from a point /, called the principal focus, they are

Fig. 44.

made parallel at their emergence ; while, conversely
,

parallel rays which fall on the lens are united in that

point.* This effect, which is the opposite of that

caused by the concave lens, may be explained in a

similar manner, by conceiving the section a b of the

convex lens to be composed of innumerable frusta of

prisms arranged with their bases towards the centre of

the lens.

Now, it is obvious, that we can derive no assistance,

in economising the rays of a lamp for Lighthouse pur-

poses, from concave lenses, whose property is to in-

crease the dispersion of the rays incident on them.

With concave lenses, therefore, we have no concern ;

and we shall confine ourselves to the consideration of

the convex or converging lenses.

* It is, of course, to be understood that, in the case of a lens

whose surfaces are spherical, only the rays incident near its axis

can be refracted accurately to a focus.
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14 DIOPTRIC SYSTEM OF LIGHTS.

The lens always used in Lighthouses is (for reasons

already noticed) plano-convex, and differs from the last

only by having a plane and a curve surface, instead of

two curve surfaces, whose radii are on opposite sides of

the lens. The plano-convex is generally regarded, by

writers on optics, as a case of the double convex having

one side of an infinite radius. Both forms cause paral-

lel rays to converge to a focus.

We commence with a general view of the relations

which subsist between the position of the radiant and

the focus.

Let Qq he a section of a lens, and fAr its optical

axis, or the line in which a ray of light passes un-

changed in its direction through the lens, from its being

normal to both surfaces, its principal focus f, whether

the lens be double convex, as above, or plano-convex,

as in fig. 45, is that point where the rays from rrr

Fig. 45.

which fall parallel to the optic axis on the outer face of

the lens, meet after refraction at the two faces,—or, to -

speak more in the language of the art of which we are
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treating, the principal focus f is the point whence the

rays of light, proceeding in their naturally divergent

course, fall on the inner surface QA q of the lens, and

are so changed by refraction there and at the outer

face, that they finally emerge parallel to the optic axis

in the directions Qr, qr. The position of this point

depends partly on the refractive power of the substance

of which the lens is composed and partly on the curva-

ture of the surface or surfaces which bound it.

It would be quite beyond the scope of this volume to

attempt to present the subject of refraction at spherical

surfaces before the reader’s view in a rigorous or syste-

matic manner, and thus to advance, step by step, to the

practical application of refracting instruments, as a

means of directing and economising the light in a Pha-

ros. This would involve the repetition, in a less ele-

gant form, of what is to be found in all the works on

optics ; and instead of this, I am content to refer, where

needful, to those works, and shall confine myself simply

to what concerns Lighthouse lenses and their use. It

would also be superfluous to determine the position of

the principal focus of a plano-convex lens, in terms

of the refractive index and radius of curvature,* as it

* F = — in which r is the radius of curvature, and m is
to — 1

the refractive index .—Coddington's Optics, Chap. VIII. If the

radiant be brought near the lens, so as to cast divergent rays on

its surface, then the conjugate focus will recede behind the prin-

cipal focus

;

and when the luminous body reaches the principal

focuB in front of the lens, the rays will emerge from its posterior

surface in a direction parallel to its axis. If it be brought still
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can be very accurately found in practice by exposing

the instrument to the sun, in such a manner that his

rays may fall upon it in a direction parallel to its axis.

The point of union between the converging and diver-

ging cones of rays (where the spectrum is smallest and

brightest), which is the principal focus, is easily deter-

mined by moving a screen behind the lens, farther from

or nearer to it as may be required. The path of the

Lighthouse optician, moreover, generally lies in the op-

posite direction ; and his duty is not so much to find

the focal distance of a ready-made lens, as to find the

best form of a lens for the various circumstances of a

particular Pharos, whose diameter, in some measure,

determines the focal distance of the instruments to be

employed. All, however, that I shall really have to do

is to give an account of what has been effected by the

late illustrious Fresnel, who seems to have devoted such

minute attention to every detail of the Dioptric appa-

ratus, that he has foreseen and provided for almost

every case that occurs in the practice of Lighthouse

illumination. His brother, Mons. Leonor Fresnel, who

succeeded him in the charge of the Lighthouses of

France, with the greatest liberality, put me in posses-

sion of the various formulae used by his lamented pre-

decessor, in determining the elements of those instru-

ments which have so greatly improved the lighthouses

of modern days.

nearer the lens, the rays would emerge as a divergent cone.

Hence converging lenses can only collect rays into a focus, when

they proceed from some point more distant than the principal

focus.
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Spherical lenses, like spherical mirrors, collect truly

into the focus those rays only which are incident near

the axis
;
and it is, therefore, of the greatest import-

ance to employ only a small segment of any sphere as a

lens. The experience of this fact, among other consi-

derations, led Condorcet, as already noticed, to suggest

the building of lenses in separate pieces. Fresnel,

however, was the first who actually constructed a lens

on that principle, and fully availed himself of the ad-

vantages which it affords ; and he has subdivided, with

such judgment, the whole surface of the lens into a

centre lens and concentric annular bands, and has so

carefully determined the elements of curvature for each,

that it does not seem likely that any improvement will

soon be made in their construction. For the drawings

of the great lens, I have to refer to Plate IV., which

also contains a tabular view of the elements of its va-

rious parts. The central disc of the lens, which is em-

ployed in lights of the first order, and whose focal dis-

tance is 920 millimetres, or 36-22 inches, is about 11

inches in diameter ; and the annular rings which sur-

round it gradually decrease in breadth, as they recede

from the axis, from 2f to H inches. The breadth of

any zone or ring is, within certain limits, a matter of

choice, it being desirable, however, that no part of the

lens should be much thicker than the rest, as well for

the purpose of avoiding inconvenient projections on its

surface, as to permit the rays to pass through every

part of it with nearly equal loss by absorption. The

objects to be attained in the polyzonal or compound

lens, are chiefly, as above noticed, to correct the exces-
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18 DIOPTRIC SYSTEM OF LIGHTS.

sive aberration produced by refraction through a hemi-

sphere or great segment, whose edge would make the

parallel rays falling on its curve surface converge to a

point much nearer the lens than the principal focus,

as determined for rays near the optical axis, and to

avoid the increase of material, which would not only

add to the weight of the instrument and the expense of

its construction, but would greatly diminish by absorp-

tion the amount of transmitted light. Various modes

of removing similar inconveniencies in telescopic lenses

have been devised
;
and the suggestions of Descartes,

as to combinations of hyperbolic and elliptic surfaces

with plane and spherical ones, more especially fulfil the

whole conditions of the case
;
but the excessive difficulty

which must attend grinding and polishing those surfaces

has hitherto deprived us of the advantages which would

result from the use of telescopic lenses entirely free from

spherical aberration. In lighthouse lenses, where so

near an approach to accurate convergence to a single

focus is unnecessary, every purpose is answered by the

partial correction of aberration which may be obtained,

by determining an average radius of curvature for the

central disc, and for each successive belt or ring, as it

recedes from the axis. In the lenses originally made

for Fresnel by Soleil, the zones were united by means

of small dowels or joggles of copper, passing from the

one zone into the other ; but the greater exactness of

the workmanship now attained, has rendered it safe to

dispense with those fixtures
;
and the compound lens, as

now constructed by Messrs Francois, Soleil, and Letour-

neau of Paris, is bound together solely by a metallic

Digitized by Google



DIOPTRIC SYSTEM OF LIGHTS. 19

frame and the close union between the concentric faces

of the rings, although the surfaces in contact with each

other are only J inch in depth (see Plate IV.) It is re-

markable, that an instrument, having about 1300 square

inches of surface, and weighing 109 lb., and which is

composed of so many parts, should be held together by

so slender a bond as two narrow strips of polished glass,

united by a thin film of cement.

I will now present to the reader the formulae em-

ployed by Fresnel, to determine the elements of the

compound lens,* in the calculation of which two cases

occur, viz., the central disc and a concentric ring. The

focal distance of the lens and the refractive index of

the glass are the principal data from which we start.

Let us begin with the case of the central disc or lens

round which the annular rings are arranged. Its prin-

cipal section is a mixtilinear figure (fig. 46) composed of

a segment b a c, resting on a

parallelogram bcde, whose

depth b d or c e is deter-

mined by the strength which ^

is required for the joints d

which unite the various portions of the lens. Those

particulars have, as already stated, been determined

with so much judgment by Fresnel, and the dimensions

of the lenses so varied to suit the case of various lights,

that nothing in this respect remains to be done by others.

* It may be proper to state, that while the formulae are those

of Fresnel, I am responsible for the investigations in the Notes.
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Referring to fig. 47, we have, for obtaining the radius

of the central disc, the following formulae, in which

r = AB, half the aperture of the lens

r'= AB'

<p= AF, the focal distance

f =Aa, the thickness of the lens at the vertex

t" =BJ, the thickness of the joint

fx= the index of refraction

p =the radius of curvature.

Fig. 47.

x'

r !

i

Then for the radius of curvature near the axis we

have

:

P'K/'-l) (*+);)
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and for that near the margin we have :

tan i'——

sin e=

0
sin i'

r'— r—f. tan e

r'

0
sin i

tan ?=

sin e =

/
0"=——-V ix

2— 2 ix cos e + 1r
/x sin e ^ n

p' + n"
and, finally p= - 2

* The following steps lead to the formulae given in the text.

Let APQB (fig. 48) represent a section of the central lens by a

Fig. 48.

plane passing through its axis AF ;
F the focus for incident rays

;

and FQPH the path of a ray refracted finally in the direction

PH, parallel to the axis. Let C be the centre of curvature,

then PC is a normal to the curve at P
;
and, producing PQ to

meet the axis in G, we have G the focus of the rays, after refrac-

tion at the surface BQ.
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The second case concerns the calculation of the ele-

ments of a concentric ring. The section ab c d e (fig.

sm GPC CG sin QGF QF
Now, as P approaches A, we hare ultimately PG = AG,

QG=BG, and QF = BF

;

Therefore, putting AG = 6 and AC = p'

AG 6 BG _d-tf
^ ~

CG 0-p'’ ** BF 0
’

from which p 0 — p p' — 6 ;
and p <p = 0 —t' and eliminating 6,

we have p2
<p +p p' = p <j) + f, whence, as above, p' = (p — 1)

But as this value of the radius of curvature, as already stated,

is calculated for rays near the axis, it would produce a notable

aberration for rays incident on the margin of the lens. In order,

therefore, to avoid the effects of aberration as much as possible, a

second radius of curvature must be calculated, so that rays inci-

dent on the margin of the lens may be refracted in a direction

parallel to the axis. This second value of the radius is called

p" in the text, and is found as follows (referring to fig. 49)

:

Let FB' b x be the course of a ray refracted in the direction

b x parallel to the axis A x'. This ray meets the surface AB
in the point B', whose position may be found approximately by

tracing the path of the ray FB, on the supposition that the sur-

face of the refracting medium is produced in the directions AB,

a'b'.

Let C be the centre of curvature (See fig. 49.)

a = A C b the angle of emergence

7) — B' b C the second angle of refraction

e = B b B' the first angle of refraction

i = B'FA the first angle of incidence

*' = BFA
e = b'Bb
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50) of one of those rings includes a mixtilinear triangle

Fig. 50.

ah e, and a rectangle heed
,
the thickness b c being the

AB = r

AB' = /
B b = *" the thickness of the lens at the edge

AF = 0 the focal distance

Fig. 49.

i
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same as that of the edge of the central disc ; and the

elements to be determined are the radius of the curve

mi i •/ • 8113 X
1 hen tan i = ;

sm e =
<j> M

whence b b' = t" tan e becomes known.

Now, since BB' =bb' nearly, AB' = AB — b b'

or r = r — t" tan e.

From this is obtained the angle of incidence i, and the first

. . r' sin t

angle of refraction e ; for tan » = -r- and sin e =
9 M

Next B'hC = BhC — BhB'or7; = a — e

and sin a = fi sin i) = sin (a — e)

from which, sin a cos e — cos a sin e =
sm a

whence sin a ( cos e—— | = cos a sin e ;
and

V /* /

. , / 2 cos e 1 \ , . ,
sm- a f cos- e — j_ —_ l = cos- a sm e

V MM 2 /

= (1 — sin- a) sin
2
e = sin2 e — sin 2 a sin2 €

Then transposing we have

f/ „ i \
2 cos e 11

sin2 a < (cos2 e + sm- e) )—^
> = sm 2 e

L M M J

and because (cos 2 e + sin 2 e) = l we have, by dividing,

sm* e
sm* a = —

2 cos e 11- Vi
fj,

3 sin2
e

fi
3 = 2 fj,

cos e +

1

M

and sin a — fj,
sm e

V\ - 2 fi cos e + ftr

Next, since b C =

a'b

sin AC b sin a ,
putting C b = p",
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surface, and the position of the centre of curvature, with

reference to the vertex of the lens.

The radius of curvature of the zone may be calculated

by the following formulae, in which (see fig. 51.)

Fig. 51.

P
" =

/A
2 - 2 /* e°s e + 1

B
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r
x
=AB the distance of the outer Aargin of the zone

from the axis of the lens

r
2
=AE the distance of the inner margin from the

axis

Z=BE the breadth of the zone= r
1
— r

i

p= the radius of curvature= 6 C=mC
(
f
) =focal distance AF
t= thickness of the joint B b

f=B6

p= refractive index of the glass

1
1
=BFA

1
2=EFA

Then tan = -1
-; tan i' = r

-^~

(f) (f>

sin ei=^Ii ;sin
fx p

r'
1
= r

1
— t" sin e

t ; 7/
2= r

2
— £" sin e2

. . F, . . r\
tani

1
=-J;tan?

2
= -^

sin i, . , sin i„
sin €= 1

;
sin e'= *

p p

sin a= p sin e

sin a!—

Vp2—2p cos €4-1

p sin €
/

Vp:2 -‘2p COS €' + 1
; V=a-e

and, taking for the radius of curvature, the mean of p' and p" the

values calculated for the central and marginal rays, we have

finally p =
P'+ P"

2
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j 1 i.i
2 cos e'

an as y Cos {>; + £ (a — a')} sin £ (a— a')

which is Fresnel’s value of the radius of curvature.*

* The following steps will conduct us to this expression.

Let B ifE (fig. 52) represent the section of a zone by a plane

Fig. 52 .
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Lastly, the position of C the centre of curvature for a

ring is easily determined by two co-ordinates in refer-

passing through the axis of the lens AF, C the centre of cur-

vature, F the radiant point, and FB' b x, FE' m x' the course of

the extreme rays which are transmitted through the zone (and the

latter of which passes from E' to e through a portion of the zone

or lens in contact with that under consideration). Then putting

AB = r
x ; AB' = r'

I ; Cb — p
AE = r

2 ; AE' = r'
2 ;
6 6 = ^; BE=rj - r

2 = l

e = the first angle of refraction b B' k

T) = the second angle of refraction B'' b C

e' = the first angle of refraction eEF
17' = the second angle of refraction em C

a = the angle of emergence bCq
a’ = the angle of emergence mCq
i\ = BFA ;

i\ = EFA ;
= B'FA ;

*
2 = E'FA

e
x = B b B'; e

2 = E e E'.

Proceeding exactly as in the case of the central lens we shall

have

sin a =

tan i' — — Vl
• tan i'

— — r

2

1_
AF

=
0

-’ tania "AF~ 0T

sin i

H p

r'
1
=r

1
— t" sin e, ; /2 = r

2
— f sin «

2

/

tan * = ;
tan i =

0 0

sin e —
sin i.

; sin e = -

sin »

n

u, sin e . . , a sin e'
. .. c

;
and sin a = — —

V p? — 2 p. cos e - 1 V
/a

8 - 2 p cos e' + 1

Now, the angle b C m = a — a! from which (since the triangle

b m C is isosceles) b m C = 90° — £ (a — a')
;

also, in the triangle

bme, the angle
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ence to their origin, A, which is the vertex of the lens

(see last fig., 52), by the equations :

CG= p . sin a— a b= p . sin a— r
x

CQ=/0 . cos a— q Q=p . cos a — t

"

The elements of each successive zone are determined

in the same manner. The annular lens of the first order

of lights in Fresnel’s system consists, as already stated,

of a central disc 11 inches in diameter, and ten concen-

tric ring8, all of which have a common principal focus,

where the rays of the sun meet after passing through

the lens. With such accuracy are those rings and the

disc ground, and placed relatively to each other, that

the position of the actual conjugate focus of the entire

surface of the compound lens, differs in a very small de-

gree from that obtained by calculation.

The tests generally applied for examining the lenses

b m e = bmC — e m C = 90° — J (a — a') — rj

and b e m = k' e E’ = 90 — e

We have therefore in the triangle b in e

^
be sin b e in l cos e

7

sin b me cos [r] + £ (a — a')}

and in bm C

bm sin bmC l cos e'' cos £ (a — a')

sin bCm cos (rj + (a — a') sin (a — a')

l cos e' cos £ {a — a)
“cos {*7+ £ (a -a')} 2 sin £ (a -a') cos £ (a -a')

from which, putting b C = p

l cos e*

^ “ 2 cos {17 + £ (a - a')} sin $ (a - a7

)
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used in lighthouses, is to find the position of the conju-

gate focus behind the lens, due to a given position of a

lamp in front of it. This test depends on the following

considerations :—Draw a line from an object 0 in front

Fig. 53.

of a lens, to any point Q in the lens ; and from A, the

centre of the lens, draw AR parallel to OQ, and cutting

a line RF r which passes through the principal focus F,

at right angles to the axis of the lens ; then join the

points Q and R, and produce the line joining them : I,

the image of 0 must be in that line. In the same way,

draw a line from 0 to q, another point in the lens on the

other side of its axis, and parallel to it draw A r from

the centre of the lens, cutting the plane of the principal

focus in r. Join q r, in which line the image will lie ;

and hence the intersection of OR and q r, in I, will be

the point in which the image of O is formed ; or will be

the conjugate focus of the lens due to the distance OA.

This mode will serve to give the distance of the conju-

gate focus of a lens (neglecting its thickness) for rays

falling on its surface at any angle.

We shall suppose QA (fig. 53) to represent the half

of a lens, and remembering the conditions described in

reference to the last figure, we shall at once perceive

the truth of the following analogy (fig. 54) :

—
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OA : AF : : AQ : FR : : AI : FI, and putting OA= 8,

AI= (p', and AF=0, we have 8 :
(f
) : :

(f)'
: <p'— (p, and,

Fig. 54.

consequently, 8 <p'— 8 (p= (p <p'
;
and hence the follow-

ing equations, which express the relations subsisting

between the principal focus of the lens and the distance

of any object and its corresponding image :

1st, To find the principal focal distance of a lens

from the measured position of its object and its image

8 rf)'

refracted through it, we have, .

2d, For the distance of the object, when that of the

image is known, we have, 8=^
—
^

.

3d, For the position of the image, when that of the

object is known, we have, (p'=
8 <p

8—cp
’

In testing lenses, of course, it is this last equation

which we use, because the value of <p or the principal

focus is always known, and is that whose accuracy we

wish to try, while 8 may be chosen within certain limits

at will. I have found that the best mode of proceeding

is the following :—In front of the lens Q q (see fig. 55)

firmly fixed in a frame, place a lamp at 0 at the dis-

tance of about 50 yards. Calculate the value of (p

'

due

to 50 yards, which in this case is equal to AF', OA
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being equal to 8
; and move a screen of white paper

backwards and forwards until you receive on it the

Fig. 55.

smallest image that can be formed, which is at the

point where the cones of converging and diverging rays

meet. The image will always increase in size whether

you approach nearer to the lens or recede farther from

it, according as you pass from the converging into the

diverging cone of rays, or vice versa

;

and hence the

intermediate point is easily found by a very little prac-

tice. The distance from the centre of the lens to the

face of the screen, which must be adjusted so as to be

at right angles to a line joining the centre of the lens

and the lamp, is then measured
; and its agreement with

the calculated length of 0', is an indication of the accu-

racy of the workmanship of the lens. When the mea-

sured distance is greater than the calculated 0', we

know than the lens is too flat ; and it is on this side

the error generally falls. On the other hand, when 0'

is greater than the measured distance, we know that

the lens has too great convexity. I have only to add,

that an error of on the value of 0' may be safely

admitted in lighthouse lenses ; but I have had many

instruments made by M. Francis Soleil, whose error
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fell below of (p'. Owing probably to the mode of

grinding, the surfaces of all the lenses I have yet ex-

amined are somewhat too flat.

In applying lenses to the flame of a lighthouse lamp,

similar considerations must guide us in making the

necessary arrangements, as in the case of reflectors.

We have already seen that the size of the flame and its

distance from the surface of a mirror have an important

practical bearing on the utility of the instrument, and

that the divergence of the resultant beam materially

affects its fitness for the purpose of a lighthouse. So

also, in the case of the lens, unless the diameter of the

flame of the lamp has to the focal distance of the instru-

ment a relation such as may cause an appreciable di-

vergence of the rays refracted through it, it could not

be usefully applied to a lighthouse
;

for, without this,

the light would be in sight during so short a time, that

the seaman would have much difficulty in observing it.

To determine the amount of this divergence of the re-

fracted beam, therefore, is a matter of great practical

importance, and I shall briefly point out the conditions

which regulate its amount, as they are nearly identical

with those which determine the divergence of a para-

boloidal mirror illuminated by a lamp in its focus. The

divergence, in the case of lenses, may be described as

the angle which the jlame subtends at the principal

focus of the lens, the maximum of which, produced at

the vertex of Fresnel’s great lens by the lamp of four

concentric wicks, is about 5° 9'.

This will be easily seen by examining the annexed

figure (56), in which Q q represents the lens, A its

b 2
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centre, F the principal focus, b F and V F the radius of

6 F
divergence of the lens. Sin b AF=-^-p=sin h'AF=

^itotence ; and twi0e 1 AF=the whoIe divergence

at A. Then for the divergence at the margin of the

lens, or at any other point, we have, FQ=\Z(AQa + AF3
)

and Q#=\/(QF2 + F a?) ; and for any angle at Q, we

have sin FQa?=j^.

On the subject of the illuminating power of the lenses,

it seems enough to say, that the same general principle

regulates the estimate as in reflectors. Owing to the

square form of the lens, however, there is a greater diffi-

culty in finding a mean focal distance whereby to cor-

rect our estimate of the angle subtended by the light, so
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as to equate the varying distance of the several parts of

the surface
;
hut, practically, we shall not greatly err if

we consider the quotient of the surface of the lens

divided by the surface of the flame as the increased

power of illumination by the use of the lens. The illu-

minating effect of the great lens, as measured at mode-

rate distances, has generally been taken at 3000 Argand

flames, the value of the great flame in its focus being

about 16, thus giving its increasing power as nearly

equal to 180. The more perfect lenses have produced

a considerably greater effect.

The application of lenses to lighthouses is so obvious as

to require little explanation. They are arranged round

a lamp placed in their centre, and on the level of their

focal plane in the manner shewn in Plate V.,* and thus

form, by their union, a right octagonal hollow prism, cir-

culating round the flame which is fixed in the centre, and

shewing to a distant observer successive flashes or blazes

of light, whenever one of its faces crosses a line joining

his eye and the lamp, in a manner similar to that already

noticed in describing the action of the mirrors. The

chief difference in the effect consists in the greater in-

tensity and shorter duration of the blaze produced by

* Plate V. shews the nature of the mechanical power which

gives movement to the lenses. It consists of a clockwork move-

ment driven by a weight which sets in motion a disc bearing

brackets that carry the lenses. All this, however, can be seen

from that Plate
;
and I am unwilling to expend time in a de-

tailed explanation of what is obvious by inspection.
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the lens ; which latter quantity is, of course, proportional

to the divergence of the resultant beam. Each lens

subtends a central horizontal pyramid of light of about

46° of inclination, beyond which limits the lenticular

action could not be advantageously pushed, owing to

the extreme obliquity of the incidence of light
;
but

Fresnel at once conceived the idea of pressing into the

service of the mariner, by means of two very simple

expedients, the light which would otherwise have use-

lessly escaped above and below the lenses.

For intercepting the upper portion of the light,

he employed eight smaller lenses of 500 mm. focal dis-

tance (19'68 inches) inclined inwards towards the lamp,

which is also their common focus, and thus forming, by

their union, a frustum of a hollow octagonal pyramid

of 50° of inclination. The light falling on those lenses

is formed into eight beams rising upwards at an angle of

50° inclination. Above them are ranged eight plane mir-

rors, so inclined (see Plate V.) as to project the beams

transmitted by the small lenses into the horizontal direc-

tion, and thus finally to increase the effect of the light.

In placing those upper lenses, it is generally thought

advisable to give their axes an horizontal deviation of

7° or 8° from that of the great lenses and in the direc-

tion contrary to that of the revolution of the frame

which carries the lenticular apparatus. By this ar-

rangement, the flashes of the smaller lenses precede those

of the large ones, and thus tend to correct the chief

practical defect of revolving lenticular lights by prolong-

ing the bright periods. The elements of the subsidiary
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lenses depend upon the very same principles, and are

calculated by the same formulae as those given for the

great lenses. In fixing the focal distance and inclina-

tion of those subsidiary lenses, Fresnel was guided by

a consideration of the necessity for keeping them suffi-

ciently high to prevent interference with the free access

to the lamp. He also restricted their dimensions within

very moderate limits, so as to avoid too great weight.

Their focal distance is the same as that for lenses of the

third order of lights.

Owing to certain arrangements of the apparatus

which are necessary for the efficiency of the lamp, but

a small portion of those rays which escape from below

the lenses can be rendered available for the purposes

of a Lighthouse : and any attempt to subject them to

lenticular action, so as to add them to the periodic

flashes, would have led to a most inconvenient compli-

cation of the apparatus. Fresnel adopted the more na-

tural and simple course of transmitting them to the ho-

rizon in the form of flat rings of light, or rather of

divergent pencils, directed to various points of the hori-

zon. This he effected by means of small curved mir-

rors, disposed in tiers, one above another, like the

leaves of a Venetian blind—an arrangement which he

also adopted (see Plate VI.) for intercepting the light

which escapes above as well as below the dioptric belt

in fixed lights. Those curved mirrors are, strictly

speaking, generated (see fig. 57) by portions such as

a b, of parabolas, having their foci coincident with F,

the common flame of the system. In practice, however,

they are formed as portions of a curved surface, ground
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by the radius of a circle, which osculates the given pa-

Fig. 57.

rabolic segment.* The mirrors are plates of glass, sil-

* To find the radius and centre of a circle, which shall oscu-

late a given parabola, whose focus is in F, draw normals to the

curve from p and P, meeting in 0, and draw N e parallel to

Fig. 58.

0
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vered on the back and set in flat cases of sheet-brass.

They are suspended on a circular frame by means of

a tangent of the curve, or to p P, then P 0 or p 0 is the ra-

dius required. Now we have similar triangles P

p

d and N«»,
and PH and p h are (proximate) ordinates

;
hence we have the

following analogies :

—

Pd : Pp : : PH : PN
Ne : N# :: PH : PN

Hence compounding those ratios (in which P d — N n nearly)

N « : Pp : : PH* : PN*

also N e : Pp : : NO : PO,

(for 0 Pp and Nos are similar triangles)

PH* : PN* : : NO : OP,

then PN* — PH* = HN9

and PO -NO = NP,

therefore HN* : PN* : : NP : PO,

PN3

and finally, PO =—

.

Then put FP = HC = FN = p; HN = p-z;

then as FP* - FH* = PH* = p* - z*

PN* = PH* +HN* = (p*-z*) + (p»-2pz+ z*)

= 2p* — 2pz

PN = \/2 p (p - z)

Therefore PO =
(p-zf

f{2p{p-z)}
3

NI {p-*Y

and finally, PO = 2*/2 ~~~~£
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screws which, being attached to the backs of the brass

cases, afford the means of adjusting them to their true

In order to test the accuracy of the workmanship of the mir-

rors, recourse must again be had, as in the case of the lenses and

parabolic mirrors, to the formula of conjugate foci, in which we

shall call It = the radius of curvature of the mirror M m (fig.

59) ; a = the distance of a light, /, which is arbitrarily placed

in front of the mirror
; and b = the distance of a moveable screen

S, on which the rays reflected from the mirror may converge in

a focus. We must find the distance b, at which, with any given

distance a, such convergence should take place.

Fig. 59.

fW = a

SM' = 6

OM' = R

Then (because /M S is bisected by OM, and for points near the

vertex of the mirror at M')

SM'
: fW : : SO : Of

or b : a :: R — b : a — R
ab — Ra = Rb — ab.

From which 6 =
Ra

2 a-R’
the distance required, in which an

error of (of its whole length) may be safely admitted.
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inclination, so that they may reflect objects on the ho-

rizon of the lighthouse to an observer’s eye placed in

the common focus of the system.

At such times when the horizon cannot be seen, the

mirror may be placed, by means of a clinometer, with a

spirit-level set to the proper angle, which may be easily

mechanically determined as follows : Draw a line from

Fig. 60.

/I

the focus F through the point 0, where the centre of

the mirror is to be, producing it beyond that point to a

convenient distance at I
;
through O draw HOH, paral-

lel to the horizon FH ; bisect IOH by MOM, which co-

incides with a tangent to the mirror at its centre O

;

and MOH is the angle required to be laid off, or its

complement.

Digitized by Google



42 DIOPTRIC SYSTEM OF LIGHTS.

Having once contemplated the possibility of illumi-

nating Lighthouses by dioptric means, Fresnel quickly

perceived the advantage of employing for fixed lights a

lamp placed in the centre of a polygonal hoop, consist-

ing of a series of refractors, infinitely small in their

length and having their axes in planes parallel to the

horizon. Such a continuation of vertical sections, by

refracting the rays proceeding from the focus, only in

the vertical direction, must distribute a zone of light

equally brilliant in every point of the horizon. This

effect will be easily understood, by considering the

middle vertical section of one of the great annular

lenses, already described, abstractly from its relation

to the rest of the instrument. It will readily be per-

ceived that this section possesses the property of simply

refracting the rays in 0^3 plane coincident with the

line of the section , and in a direction parallel to the ho-

rizon, and cannot collect the rays from either side of

the vertical line
;
and if this section, by its revolution

about a vertical axis, becomes the generating line of

the enveloping hoop above noticed, such a hoop will of

course possess the property of refracting an equally dif-

fused zone of light round the horizon. The difficulty,

however, of forming this apparatus appeared so great,

that Fresnel determined to substitute for it a vertical

polygon, composed of what have been improperly called

cylindric lenses , but which in reality are mixtilinear

prisms placed horizontally, and distributing the light

which they receive from the focus nearly equally over

the horizontal sector which they subtend. This poly-

gon has a sufficient number of sides to enable it to give,
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at the angle formed by the junction of two of them, a

light not very much inferior to what is produced in the

centre of one of the sides
;
and the upper and lower

courses of curved mirrors are always so placed as partly

to make up for the deficiency of the light at the angles.

The effect sought for in a fixed light is thus obtained in

a much more perfect manner, than by any conceivable

combination of the paraboloidal mirrors.

An ingenious modification of the fixed apparatus is

also due to the inventive mind of Fresnel, who con-

ceived the idea of placing one apparatus of this kind in

front of another, with the axes of the cylindric pieces

crossing each other at right angles. As those cylindric

pieces have the property of refracting all the rays which

they receive from the focus, in a direction perpendicular

to the mixtilinear section which generates them, it is

obvious that if two refracting media of this sort be ar-

ranged as above described, their joint action will unite

the rays which come from their common focus into a

beam, whose sectional area is equal to the overlapped

surface of the two instruments, and that they will thus

produce, although in a disadvantageous manner, the

effect of a lens. It was by availing himself of this pro-

perty of crossed prisms, that Fresnel invented the dis-

tinction for lights which he calls a fixed light varied

by flashes

;

in which the flashes are caused by the re-

volution of cylindric refractors with vertical axes ranged

round the outside of the fixed light apparatus already

described.

Having been directed by the Commissioners of the

Northern Lighthouses to convert the fixed catoptric
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light of the Isle of May, into a dioptric light of the

first order, I proposed that an attempt should be made

to construct the belt for the refracting part of the

apparatus of a form truly cylindric instead of poly-

gonal ; and this task was successfully completed by

Messrs Cookson of Newcastle in the year 1836. The

disadvantage of the polygon lies in the excess of the

radius of the circumscribing circle over that of the in-

scribed circle, which occasions an unequal distribution

of light between its angles and the centre of each of its

sides ; and this fault can only be fully remedied by con-

structing a cylindric belt, whose generating line is the

middle mixtilinear section of an annular lens, revolving

about a vertical axis passing through its principal focus.

This is, in fact, the only form which can possibly pro-

duce an equal diffusion of the incident light over every

part of the horizon.

I at first imagined that the whole hoop of refractors

might be built between two metallic rings, connecting

them to each other solely by the means employed in

cementing the pieces of the annular lenses ; but a little

consideration convinced me that this construction would

make it necessary to build the zone at the lighthouse

itself, and would thus greatly increase the risk of frac-

ture. I was therefore reluctantly induced to divide the

whole cylinder into ten arcs, each of which being set in

a metallic frame, might be capable of being moved sepa-

rately. The chance also of any error in the figure of the

instrument has thus a probability of being confined within

narrower limits ; whilst the rectification of any defective

part becomes at the same time more easy. One other
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variation from the mode of construction at first contem-

plated for the Isle of May refractors, was forced upon

me by the repeated failures which occurred in attempt-

ing to form the middle zone in one piece ; and it was at

length found necessary to divide this belt by a line pass-

ing through the horizontal plane of the focus. Such a

division of the central zone, however, was not attended

with any appreciable loss of light, as the entire coinci-

dence of the junction of the two pieces with the horizon-

tal plane of the focus, confines the interception of the

light to the fine joint at which they are cemented.

With the exception of those trifling changes, the idea

at first entertained of the construction of the instrument

was fully realised, at the very first attempt, in the manu-

factory of Messrs Cookson. At a subsequent period the

central zones were formed in one piece
;
and I also greatly

improved the arrangement of the apparatus, by giving

to the metallic frames which contain the prisms, a

rhomboidal,* instead of a rectangular form. The junc-

tion of the frames being thus inclined from the perpen-

dicular, do not in any azimuth intercept the light

throughout the whole height of the refracting belt, but

the interception is confined to a small rhomboidal space,

whose area is inversely proportional to the sine of the

angle of inclination ; and when the helical joints are

formed between the opposite angles of the rectangular

* The form is not exactly rhomboidal, but is a portion of a

flat helix intercepted between two planes, cutting the enveloped

cylinder at right angles to its axis.
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I

frames, the amount of intercepted light becomes abso-

lutely equal in every azimuth.*

Such an apparatus is shewn in Plate VII.
; and the

accompanying diagram (fig. 61) shews an elevation

ABCD, a section BD, and a plan ABD, of a single

panel of this improved compound belt. AC and BD
are the diagonal joints above described. Time and per-

* See my Report on the Refractors of the Isle of May Light,

8th October 1836.

Digitized by Google



DIOPTRIC SYSTEM OF LIGHTS. 47

severance, and the patience and skill of Monsieur

Francois Soleil, whom I urged to undertake the task,

were at length crowned with success; and I had the

satisfaction at last of seeing a fixed-light apparatus,

of a truly cylindric form, with its central belt in one

piece, and the joints of each panel inclined to the hori-

zon at such an angle as to render the light perfectly

equal in every azimuth.

The loss of light by reflection at the surface of the

most perfect mirrors, and the perishable nature of the

material composing their polish, induced me, so far back

as 1835, in a Report on the Light of Inchkeith, which

had just been altered to the dioptric system, to propose

the substitution of totally reflecting prisms, even in

lights of the first order or largest dimensions. In this

attempt I was much encouraged by the singular libe-

rality of M. Leonor Fresnel, to whose friendship (as I

have often, with much pleasure, acknowledged) I owe

all that I know of dioptric lighthouses. He not only

freely communicated to me the method pursued by his

distinguished brother Augustin Fresnel, in determining

the forms of the zones of the small apparatus, introduced

by him into the Harbour Lights of France, and his own

mode of rigorously solving some of the preliminary

questions involved in the computations but put me in

possession of various important suggestions, which sub-

stantially embrace the whole subject. The Table (at

page 66), contains the result of my calculations of the

forms of the zones of the first order, which are verifica-

tions of those of M. Fresnel
; and the first catadioptric

apparatus ever constructed, through the ardour and per-
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severance of M. Francois Soleil, on so magnificent a

scale, was fitted up in the Skerryvore Lighthouse. On

the 23d December 1843, M. Fresnel announced, in a

letter to me, the complete success which had attended a

trial of the apparatus at the Royal Observatory of Paris,

whereby it appeared that the illuminating effect of the

cupola of zones, was to that of the seven upper tiers of

mirrors of the first order, as 140 to 87. Nothing can be

more beautiful than an entire apparatus for a fixed light

of the first order, such as that shewn in Plate VII. It

consists of a central belt of refractors, forming a hollow

cylinder 6 feet in diameter, and 30 inches high ; below

it are six triangular rings of glass, ranged in a cylin-

drical form, and above a crown of thirteen rings of glass,

forming by their union a hollow cage, composed of

polished glass, 10 feet high and 6 feet in diameter ! I

know no work of art more beautiful or more creditable

to the boldness, intelligence, and zeal of the artist.

I must now endeavour to trace the various steps by

which the elements of the zones given in the Tables (at

page 66) have been determined
;
and this, I fear, I can-

not do without considerable prolixity of detail. Refer-

ring to Plates VI., VII., and VIII., in which F shews the

flame, RR, the refractors, and MRM and MRM, the

spaces through which the light would escape uselessly

above and below the lens, but for the corrective action

of the mirrors MM, which project the rays falling on

them to the horizon, I have to observe that a similar

effect is obtained, but in a more perfect manner, by

means of the zones ABC and A
2
B

2
C

2
(fig. 62, on page

49), whose action on the divergent rays of the lamp
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causes the rays FC, FB and FC
2 ,
FB

3
to emerge horizon-

tally, by refracting them at the inner surfaces BO,

B
2
C

2 , reflecting them at AB, AjBj, and a second time

refracting them at AC, A
2
C

2
.

The problem proposed is, therefore, the determination

of the elements and position of a triangle ABC, which,

Fig. 62.

by its revolution about a vertical axis, passing through

the focus of a system of annular lenses or refractors in

F, would generate a ring or zone capable of transmitting

in an horizontal direction by means of total reflection,

the light incident upon its inner side BC from a lamp

placed in the point F. The conditions of the question

are based upon the well-known laws of total reflection ,

and require that all the rays coming from the focus F
shall be so refracted at entering the surface BC, as to

meet the side BA at such an angle, that instead of pass-

ing out they shall be totally reflected from it, and pass-

c
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ing onwards to the side CA shall, after a second refraction

at that surface, finally emerge from the zone in an hori-

zontal direction. For the solution of this problem, we

have given the positions of F the focus, of the apex C
of the generating triangle of the zone, the length of the

side BC or CA, and the refractive index of the glass.

The form of the zone must then be such as to fulfil the

following conditions :

—

1. The extreme ray FB must suffer refraction and

reflection at B, and pass to C, where being a second time

refracted, it must follow the horizonal direction CH.

2. The other extreme ray FC must be refracted in

C and passing to A, must at the point be reflected, and

a second time refracted, so as to follow the horizontal

course AG (see fig. 63, page 52).

These two propositions involve other two in the form

of corollaries.

1. That every intermediate ray proceeding from F,

and falling upon BC in any point E, between B and

C, must, after refraction at the surface BC in E into

the direction EW, be so reflected at W from AB into

the direction WI, that being parallel to BC, it shall,

after a second refraction in I, at the surface AC, emerge

horizontally in the line IK.

And, 2. That the paths of the two extreme rays must

therefore trace the position of the generating triangle of

the zone.

To these considerations it may be added, that as the

angles BCH and FCA are each of them solely due to

the refraction at C, as their common cause, they must
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be equal to each other, and BCA being common to

both the remaining angle ACH=the remaining angle

BCF.

We naturally begin by the consideration of the low-

est ray FC, whose path being traced gives the direction

of the two refracting sides BC and AC, leaving only

the direction of the reflecting side BA to be determined.

I shall not now explain the reason for neglecting en-

tirely the consideration of the reflecting side at present,

as I could not do so without anticipating what must be

more fully discussed in the sequel
;
but I may content

myself with stating that as the positions of BC and AC
depend upon the direction of the incident ray FC, and

on the refractive index of the glass, this part of the in-

vestigation may be carried on apart from any inter-

ference with the reflecting side.

As we know the relation existing between the angles

of incidence and refraction, we might determine the re-

lative positions of the sides AC and BC, by means of

successive corrections obtained by protraction, tracing

the paths of the rays from the horizontal directions

backwards through the zones to the focus. This me-

thod, however, depends entirely upon accurate protrac-

tion, and is therefore unsatisfactory as a final determi-

nation, or if employed for any other purpose than that

of affording a rough approximation to the value of the

angle, a knowledge of which may occasionally save

trouble in the employment of more exact means of de-

termination. A little practice, however, enables one with-

out such aid to make a first guess very near the truth.
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Referring to fig. 63, which shews the first and second

Fig. 63.

zones of the upper series, we have

FT
tan LCF=^

;

and if we make

the known angle, SCF= a

OCF= £= thecomplement ofBCF= the

angle of incidence for FC
I)CO=7= angle of refraction

LCF= 6= (HCF- 90°)= (2 a- 90°)

SCD=(a + 7— £)

And m — the index of refraction for crown

glass,

we obtain the means of determining the angles 7 and

£ in two equations, which are based upon the relation

between the angles of incidence and refraction, and on
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the interdependence of the various angles about C.

These primary equations are :

sin £= m . sin 7
and

* Y=2£— 6 (making 2a— 9O
C=0)

Eliminating y between these two equations, we ob-

tain :

sin £=m . sin
(
2 £— 0)

an expression, which, after various transformations of

circular functions, assumes the form

* The truth of the first of these equations (sin £ — m . sin y)
which merely expresses the ratio of the sines of the angles of inci-

dence and refraction is obvious
;
but owing to the great number of

small angles about C, a little consideration may be required to en-

able one to perceive the truth of the second. I therefore subjoin

the steps by which I reached it. It is obvious (see fig. 63), that as

ACH and BCF are equal, the line SC bisecting HCF must bisect

ACB. But the production of AC clearly gives SCD opposite

and equal to ACW and SCD is by construction =(a — £+ 7)

= (a +y- £), and, therefore, ACB, which is twice ACW or

SCD = (2 a+ 2y -2 g). Now, by construction OC is a normal

to the refracting surface CB and its production C g gives AC g = y.

But 7 = ACB— g CB = (2a + 27 — 2£) — <jCB = (2a+2y — 2 f)
— 90°, hence

y={2a+2y-2j:}- 90°,

and y — 2 y = — y = — 2 £+ (2 a - 90°) by transposition, and

finally changing signs, we have, as above,

7 = 2 £ - (2 a- 90°)

= 2 %-e.
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. sin sin2 0= 0 *

* This expression is equivalent to that of M. Fresnel, but

owing to a simplification in the fractional coefficients, it is not

literally the same. I was led to it by the following steps, start-

ing from the original equation sin £ = to sin (2 £ — 0).

sin £ = to sin (2 £ — 0)

= to {sin 2 £ . cos 0 — cos 2 £ sin 0}

= to cos 0 . sin 2 £ — to sin 0 . cos 2 £
- to cos 0.2 sin . cos ^ — to sin 0 . {1—2 sin2

= 2 to cos 0 . sin £ . cos £ - to sin 0 + 2 m sin 0 . sin2 £

Therefore,

to sin 0 + sin £ — 2 to sin 0 . sin2 £ = 2 to cos 0 . sin £ . cos £
Then

:

to2 sin2 0 + 2 to sin 0 . sin £ — 4 to2 sin2 0 sin2 £

+ sin2

£ — 4 to sin 0 . sin3

£ + 4 to2 sin2 0 . sin4 £
= 4 m2 cos2 0 . sin2 f (1 — sin2 £)

= 4 to
2

. cos2 0 . sin2 £ — 4 to2
cos

2 0 sin4 £.

Hence we have

to2 sin
2 0 + 2 to sin 0 . sin £+ (1 — 4 to2) .

. sin2 f — 4 to sin 0 . sin3 {* + 4 to
2
sin 4

f = 0

Then dividing by 4 to2 and arranging according to powers of f

,

we have as above

:

sin
4 P — —sin 0 . sin

3
£ + ( l\ . sin2 ?

* TO \4 TO
2

/

+ — . sin 0 . sin £+ — sin2 0-0
2 to 4
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The solution of this equation, which is of the fourth de-

gree, is somewhat tedious ; but as the root, which will

satisfy the optical conditions of the question, must be

the sine of an angle, and necessarily lies between zero

and unity

;

and as the protraction, if conducted with

due care in the manner already described, affords the

means of at once assuming a probable value of £ not

very distant from the truth, the labour of the calcu-

lation, in this particular case, is not quite so great as

might be expected. But notwithstanding all the

abridgments of which the particular case admits, con-

siderable trouble is involved, and a corresponding risk

of error incurred, in merely introducing the numerical

values into the equation preparatory to its solution
;

and any other method requiring a less amount of arith-

metical labour is, of course, to be preferred. In prac-

tice I therefore made use of the following method of

approximating to the root of the equation, which was

suggested to me by a friend.

If the equation sin £—m sin (2 £— 0)= O (see page

53) be regarded as an expression for the error, when

the true value of £ which would satisfy the equation has

been introduced into its first member, we may consider

any error in the value of £ as expressed by the equa-

tion :

sin £—m . sin (2 £— 6)— €

and differentiating this expression we have :

d f= cos £ . d £—2 m cos (2 £—0) . d £
= {cos £—2 m cos (2 £—0)} . d £
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Then dividing by the differential coefficient we obtain

1 y_ dj
~ cos 2 m cos (2 6)

But when £ becomes £+ d £, € will also become e + d e ;

but e + d e= 0

therefore d e= — e

hence by substitution we have

^ cos £— 2 rn cos (2 6)

— {sin msin (2£— 0)}—
cos 2 m cos (2 £— 0)

— sin £+ m sin (2 0)

cos £— 2 m cos (2£— 0)

By substituting, therefore, in this last equation the

known values of m and 0, and the assumed value of

a correction is obtained, which being applied to £ and

the same process repeated, new corrections may be found

until the value of d £ falls within the limits of error,

which may be considered safe in the particular case. I

need hardly say, that where so great a body of flame is

employed as in the lights of the first order, these limits

are soon passed, more especially as one acquires by a

little experience the means of guessing a value of £ not

very far from the truth. It is this method I have em-

ployed in calculating the Tables of the zones (given at

p. 66), in which I have on all occasions, though, per-

haps, with needless exactness, pushed my angular deter-

minations to seconds.

Having in this manner determined the angle BCF,

he obtuse angle BCA of the generating triangle of the
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zone is easily and directly deduced by the following ex-

pression, which results from the obvious relations exist-

ing among the known angles about C ; and we have (see

fig. 63, p. 52).

BCA= 90° + 7= 90° + 2£-0.
We next proceed to consider the form of BA, the re-

flecting side of the zone, which is a point of the greatest

consequence, as an error in the inclination of any part

of its surface is doubled in the resulting direction of the

reflected rays. The conditions of the question require,

that every ray EW, after reflection at the surface AB,

shall, like WI, be parallel to the first ray, which is re-

flected in the direction BC, and after a second refraction

at C, emerges horizontally in CH. But, let us trace

backwards the rays as they emerge in their horizontal

directions IK, and it is obvious that if BA be made a

straight line, then will every ray EW meet the first

refracting side BC at the same angle, and there suffer-

ing the same refraction, they will go on parallel to each

other, and never meet in the focus F. This conver-

gence to F, which is a necessary condition of the pro-

blem, may, however, be produced by a curvature of AB,

such that all the rays shall have a degree of conver-

gence before falling on BC, sufficient to cause them to be

finally refracted, so as to meet in F. On this account,

they will occupy less space in passing through BC, than

they did in passing through AC
;
and thus BC will be

shorter than AC by some quantity which shall give to

that part of AB which is at B the amount of downward

inclination required for causing the ray BF finally to

converge to F ; and the line joining B and A must be a

c 2
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curve, every point of which has its tangent inclined so

as to serve the same purpose.

To trace tangents to this curve, is therefore the next

step in the process. The direction of the first tangent

AZ depends upon very simple considerations
;
and all

that is necessary to be done is to draw a line AIJ (fig.

64), parallel to BC (which is the parallel to the direc-

Fig. 64.

tion of the reflected rays), and forming an angle CAU,

which is, of course, equal to the inclination of the ex-

treme ray refracted by CB at C, with the rays reflected

from the arc which we have yet to trace. The line AX
bisecting this angle, must therefore be a normal to the

reflecting surface at A, and AB drawn perpendicular to

AX, is consequently a tangent to the reflecting arc.
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We must next find the direction of the second tan-

gent Z b, which must be so inclined that the ray F b

will, after refraction at b, be reflected into the direction

b C ; but as the rigorous determination of this is diffi-

cult, I shall simply describe two approximations sug-

gested to me by M. Leonor Fresnel. The first method

is based upon assuming the inclination of the ray re-

fracted at b to the ray refracted at C as equal to

:

b FC
ra

(in which expression, m is the refractive index of the

glass) ; a supposition which obviously differs very little

from the truth, as small arcs may be assumed as nearly

equal to their sines. Now, it will be recollected, that

the rays refracted at C and b, must be reflected at A and

b, in a direction parallel to C 6, and therefore the incli-

nation of the reflecting surfaces, or that which should

be formed by the tangents ZA and Z b, being half that

of the incident rays, is, according to the assumption,

b FC
equal to _— , which may be expressed by £ b FC, m

£ Kt\j

being equal to 1*51. But as the inclination of the two

radii AX and BX is equal to the inclination of the tan-

gents of the reflecting surfaces to which they are nor-

mals, we obtain for the excess B /? of the secant of the

reflecting arc over its radius the following expression :

B(3=b AB . tan J BFC.*

* The following steps will shew the mode of obtaining this ex-

pression : Suppose (fig 65, on following page) F n to be a ray in-
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The value of B /3 or B b gives, of course, the direction of

the second tangent Z b ' which must be equal in length to

cident on the surface BC very near b or B (which, although ex-

aggerated in the figure for more easy reference, are close to-

gether), and let this ray F n be refracted in the direction n 0,

and draw n n' parallel to CA, the ray which is refracted at C,

then will n' n 0 = m . b FC = f b FC. But the tangent AZ should

make with the tangent b Z an angle equal J b FC, or one-half the

inclination of the rays refracted at b and C, which are afterwards,

by the agency of those tangents, to be reflected in the directions

parallel to b C and to each other. Hence we have AX b (which

is the inclination of the normals to those tangents),

6 FC bFC .

or AX b = BZ b = = ——- nearly.
2 m 3

But putting AXB (fig. 64, p. 58) for AX b, and BFC for b FC

Fig. 65.

o

>

X
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AZ), whence we easily deduce the chord of the reflect-

ing side A 5.

The second mode proposed by M. Fresnel, and that

which I found most convenient in practice, consists in

forming successive hypotheses as to the length of the side

BC, and tracing the path of the incident ray FB, which

being refracted at B, so as to make with the normal BK
(fig. 66, on the following page), an angle =KBY= ?/,

and finally reflected in the direction BC, must make the

angle YBZ=MBC. In the same figure MBZ is a tangent

to the reflecting surface at B, and KBF is the angle of

(a supposition which may be safely made when the differences are

so small), and founding upon the analogy

AX : AB : : R : tan AXB, we have BA = AX . tan AXB

= AX . tan £ BFC. Then

AB2 = B/3 (B/3 + 2 AX) = B/32 + 2 B/3 . AX

and neglecting Bp, which is very small, we have

:

BAS = B/3 . 2 AX nearly,

BA-
hence B/3 =

2 AX

But as above AX = BA
tan $ BFC

and substituting this value of AX we obtain :

BA2

B/3 =
BA

tan ^ BFC

hence we have, as in the text,

BS = £ BA . tan £ BFC
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incidence of the raj BF before its refraction at B. If

KBF=a?', and the angle of incidence of FC=ECF=,r,
we have BFC (which is the inclination of those rays to

each other, and must be equal to the difference of their

angles of incidence to the same surface) =x—af, whence

knowing x, we easily find a value of cd corresponding to

the length of BC. Then for finding the angle of refrac-

tion KBY =.yf we have :

. sin of
sm y =* m

Now, if FB be refracted, so as to make with the re-

flecting side an angle equal to ZBY, it must (if the po-

sition of B be rightly chosen) be reflected so as to fol-

low BC, thus making MBC=YBZ, and calling each of
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these angles

=

/jl, we have the right angle NBZ made up

of /jl + i/ + NBK. But NBK clearly equals fi, because

it is the inclination of the normals to BC and BZ, and

hence y' + 2 /x=90°. This, therefore, forms a crucial

test for the length of BC. I may only remark, that we

already know the numerical value of y ;
and that of /jl

is easily found, for /z=CBA +ABM=CBA + BAM

=

CBA + (MAC - BAC) = CBA + * (180°- v) - BAC.

Thus knowing fx and y', we have only to see whether

(y'-2yu)-90°= 0

We have now to find the length of the radius AX
or b X (see fig. 64, p. 58), which will describe the

reflecting surface or arc AZ b, and to determine the po-

sition of its centre X. We already know the values of

y' and y, the angles of refraction of C and 6, and their

difference y—r/ gives us the inclination of the rays

which are to be reflected (into directions parallel to C b)

at b and at A. This quantity is, of course, double the

inclination of tangents to the reflecting surface AZ and

b Z, and of their normals AX and b X. Again, we have

the chord line

. ,_AC . sin AC b
b~

sin b CA ;

and, as above, AX b=± (y —y')= (p

And

AX=

b

X= p=—-— f ^°° --$ = £ A b . cosec * 0

.

And, lastly, for the co-ordinates to X, the centre of

curvature for the reflecting arc, we have

Digitized by Google



64 DIOPTRIC SYSTEM OF LIGHTS.

OX=/> . sin OAX
and OA=p . cos . OAX.*

The positions of the apices A and B of the angles of

the zones are also easily found in reference to the focus,

and are given in the Tables (page 66). In fig. 67

Fig. 67.

we may, in reference to the known position of C, find

that of A or B, by simply adding the quantities AH,

HC, and BK, to Gy or Gx, and by deducting CK from

Gy, while it is obvious that those quantities are re-

spectively proportional to the length of the known sides

AC and BC, modified by the inclination of those sides

* The angle OAX is easily found, as will be seen by referring

to fig. 64, p. 58 ;
for, AH being horizontal by construction and

AO vertical, HAO= 90°; and HAC and CAU being both known,

we have

OAX = 90° - (HAU + UAX) = 90° - (HAU + ± CAU).
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•with the horizon. Hence we have AH=AC . sin ACH ;

HC=AC . cos ACH; BK= BC . sin BCK
;
and CK=

BC . cos BCK.

In the process of grinding the zones, it is found con-

venient for the workman to give a curved form to the

refracting sides BC and AC, the one being made convex

and the other concave, so that both being ground to the

same radius, the convergence of the rajs produced by

the first shall be neutralized bj the divergence caused

by the second. By this arrangement we have three

points given in space from which, with given radii, to de-

scribe a curvilinear triangle whose revolution round the

vertical axis of the system generates the zone required.

Co-ordinates to those two centres of curvature for the

surfaces AC and BC were determined in reference to -

the arris A of each zone, and will be found in the Tables

(page 66). The mode of finding those co-ordinates is,

of course, similar to that already given ; and, the radii

being assumed at 4000 millimetres, the co-ordinates are

respectively proportional to the sine and cosine of the

inclination of the radius at A to the vertical line, which

inclination depends upon the relations of known angles

around A and C.

The section ABC (fig. 68, p. 67) of the first zone be-

ing thus determined, we proceed by fixing the point C
2

of the second zone, which is at the intersection of the

horizon GAC
2
with the ray FBC

2
passing through B.

This arrangement prevents any loss of light between

the adjacent zones. The calculation of the elements of

the second and of every following zone, is precisely si-

milar to that for the first.
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TABLES of the Elements of Catadioptric Zones suited for Lights of

the First Order in the System of Augustin Fresnel.

Table I.

No. of
Zone.

6

Inclination of
Ray i'<

' to the
Vortical Axis
of the System.

(Fig. G8.)

£
Incidence of
Ray FC on
Side BC of

Zone.

(Fig. 68.)

BCA,

Obtuse Anglo of
the Generating
Triangle of the

Zone.

(Fig. 68.)

ABC,

Anglo of
Generating
Triangle of

/.••no.

(Fig. 68.)

BAC,

Angle of
Generating
Triangle of

Zone.

(Fig. 68.)

o / // o / // o / II o / II o / II

i 60 45 38 44 06 09 117 26 40 31 48 10 30 45 10

2 56 55 38 41 28 10 116 00 42 32 32 01 31 27 17

3 53 05 38 38 48 29 114 31 20 33 17 30 32 11 10

4 49 15 38 36 07 09 112 58 40 34 04 36 32 56 44

5 45 25 38 33 24 19 111 23 00 .34 53 07 33 43 53

6 41 35 38 30 40 05 109 44 32 35 42 57 34 32 31

7 37 45 38 27 54 34 108 03 30 36 34 01 35 22 29

8 33 55 38 25 07 52 106 20 06 37 26 11 36 13 43

9 30 05 38 22 20 07 104 34 36 38 19 23 37 06 01

10 26 15 38 19 31 25 102 47 12 39 13 27 37 59 21

11 22 25 38 16 41 54 100 58 10 40 07 14 38 54 36

12 18 42 02 13 56 26 99 10 50 40 59 53 39 49 17

'13 15 06 03 11 16 04 97 26 07 41 51 03 40 42 49

O / // 0 / // O II O / II O i //

/
1 59 49 16 43 27 36 117 05 56 31 58 37 30 55 27

2 55 48 55 40 42 01 115 35 07 32 44 43 31 40 09

3 51 48 33 37 54 32 114 00 31 33 28 16 32 27 13

4 47 51 11 35 07 32 112 23 53 34 20 23 33 15 44

5 43 59 40 32 23 06 110 46 32 35 08 23 34 05 05

6 40 16 34 29 43 19 109 10 04 35 55 37 34 54 18
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Table II.

Co-ordinates of the Apices of the Generating Triangle, in Millimetres, having
the Axis of the System cat by the horizontal plane of the focus of the An-
nular Lenses, for its origin. (Fig. 69.)

No. of
Zone. Ay A.

i

By B,

i

Cy
!

^

*

L

1
|

593-369 986-260 551-481 831-497 525-000 920060

2 663-063 957410 617-423 808-832 593-369
! 895-816

3 734 313 926-908 684-958 783-619 663-063 869-605

4 S07-3S7 894-222 754-267 755-451 734-313 840-920

5 882-445 858-858 825-547 723-921 807-357 809-337

6 959-847 820-325 899-011 688-608 882-445 774-426

7 1039-852 778-108 974-899 649-051 959-847 735-730

8 1122-784 731-645 1053-471 604-730 1039-852 692-742

9 1209-000 680-322 1135-025 555-059 1122-784 644-900

10 1298-900 623-433 1219-892 499-354 1209-000 591-556

11 1390-290 559-378 1308-183 439-428 1288-900 531-963

12 1482-755 490-169 1398-007 374-538 1390-290 467217

13 1576-048 415-991 1488-972 304-611 1482-755 397-403

1 593-815 985-212 550-915 831-725 525-000 920-000

2 682-731 981-810 634-862 831-183 610-872 920-000

3 779-464 978-917 726-831 830-694 704-730 920-000

4 885-046 974441 827-926 830-261 807-657 920-000

5 1 1000-663 970-608 939-385 829-882 920-871 920-000

6

1

1127-665 966-771 1062-591 829-557 1045-740 920000
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Fig. G9.
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Table III.

b\ y

Length of
Reflecting
Side of
Zone in

bC,

Length of
Inner

Refracting

1
AC,

Length of
Outer

Refracting

(|
1

j

Inclination of the Sides of the Gene-
j

rating Triangle to the Vertical Axis
,

of the System. (Fig. 71.)

Zone. Millimetres
being

Chord of
the Arc b A.
(Fig. 70.)

Zone in
Milli-
metres.

(Fig. 70.)

Zone in
Milli-

metres.

(Fig. 70.)

Inclination
of AB.

Inclination
of BC.

1

Inclination
of AC.

i 160-331 92-379 95-209
[ o

74 51
//

19
!
O

73 20
II

31
o

44 06
II

09
1

2 155-430 90-249 93-011 72 55 27 74 32 32 41 28 10

3 151-551 88-729 91-434 70 59 39 75 42 51 38 48 29

4 148-580 87-768 90-424 69 03 53 76 51 31 36 07 09

5 146-444 87-332 89-947 67 08 12 77 58 41 33 24 19

6 145-087 87-403 89-986 65 12 36 79 04 27 30 40 05

7 144-481 87-977 90-536 63 17 03 80 08 56 27 54 34

8 144-609 89-060 91-604 61 21 35 81 12 14 25 07 52

9 145-476 90-671 93-209 59 26 08 82 14 29 22 20 07

10 147-089 92-843 95-384 57 30 46 83 15 47 19 31 25

11 145-361 93-000 95-413 55 36 30 84 16 16 16 41 54

12 143-362 93-000 95-271 53 45 43 85 14 24 13 56 26

13 141-379 93-000 95127 51 58 53 86 10 02 11 16 04

1
|
159-369 92-000

1

94-806 74 23
U

03
O

73 38 20
O /

43 27
U

36

2 158-051 92000 94-783 72 22 10 74 53 06 40 42 01

3 156-592 92 000 94-719 70 21 45 76 05 59 37 54 32

1

4 155-083 92-000 94-619 68 23 16 77 16 21 35 07 32
j

1

5 153-489 92-000 94-488 66 28 11 78 23 26 32 23 06

6 151-863 92-000 94-334 64 37 37 79 26 45 29 43 19
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Table IV.

Ab, Reflecting Surfaces (convex). (Fig. 72. 1

No. of
Zone.

Radius of
Curvature
in Milli-

metres, XA
or Xb.

Horizontal dis-
tance of centre
of curvature X
from the axis of
the System in
Millimdtres
-OX.

Vertical dis-

tance of centre
of curvature X
below the outer
arris of the Zone
at A in Milli-
mdtres = OA.

Inclination
of the Two
Radii in
A and b.

Inclination of,
the Outer

Radius in A to
the Vertex.

• 8750-19 3194-76 8466-88
o

i 02
//

59
o

14 38
"

1

11

2 8252-90 3306-80 7909-94 l 04 45 16 32 11

3 7850-30 3411-75 7446-67 i 06 22 18 27 n

'

4 00o
J7-

O'! 3514-22 7056-39 i 07 51 20 22
j

ii

:

5
1

7275-23 3617-56 6730-66 l 09 12 22 17 11

6 7082-17 3723-81 6459-63 i 10 25 24 12 11

7
J

694409 3835-23 6234-93 i 11 31 26 07 11

8
;

6857-03 3954-67 6052-36 i 12 30 28 02 11

9 6817-87 4081-70 5902-53 l 13 20 29 57 n
10 6824-46 4226-67 5795-68 i 14 05 31 52 n 1

11 6880-52 4385-63 5718-52 i 12 37 33 47 n
j

12 6980-89 4558-83 5672-64 i 10 36 35 38 59

13 7123-05 4747-24 5654-92 i 08 15 37 26 59

1
1

8674-74 3243-48 8375-04
0

1 03
II

09
O

15 05
71
22

2 1 8419-60 3456-44 804772 l .04 31 17 05 32

3 ! 8278-82 3685-41 7823-68 l 05 01 19 05 13

4
j

8252-95 3941-89 7701-00 l 04 36 21 04 24

5
!
8335-86 4228-06 767305 l 03 18 23 00 10

6
!

'

8522-64
j

4549-97 7732-80 i 01 15 24 51 43
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Table V.

AC, Outer Refracting Surfaces (concave).

No. of
Zone. Radius of

Curvature
in JVlilli-

metres.

Horizontal dis-

tance of centre
of curvature

from the axis of
the Svstern in

Millimdtres.

Vertical dis-

tance of centre
of curvature

above the outer
arris of the Zone
at A in Milli-

mdtres.

Inclination
of the Radii
in A and C.

Inclination of
the Outer

Radius at A to
the Vertex.

j

1 4000-00 3825-31 2817-77
0

i 21
II

50
o
45 12

/
56

2 ... 3923-65 2683-55 i 19 56 47 51 52

3 4015-06 2542-21 i 18 34 50 32 14

4 4098-54 2394-23 i 17 42 53 14 00

5 4173-08 2239-64 i 17 18 55 57 02

6 4237-70 2078-82 i 17 20 58 41 15-

7 4291-45 1912-18 i 17 48 61 26 32

8 4333-30 174011 i 18 44 64 12 46

9 4362-26 156310 i 20 06 66 59 50

10 ... 4377-24 1381-63 i 21 58 69 47 36

11 4376-72 1194-94 i 22 00 72 37 06

12 4360-70 1009-41 i 21 12 75 22 58

13
!

1

4329-31 828-19 i 21 46 78 03 02

! i E 3855-83 2785-60
0

1 21
II

28
O
45

/

51

2 ... 3983-21 2644-16 1 21 28 48 37

3 ... 2494-82 1 21 24 51 24

4 ... 4218-56 1 21 54 11

5 ... 4322-95 218217 1 21 12 56 56

6 ... 4416-91 2023-99 1 21 36
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Table Vi.

©
s
o
03

'

!

1
®

(

6C, Inner Refracting Surfaces (convex).
A,

Distance
of C from
tho Focus I

for tho !

Zones, in !

Milli-
metres
= FC.

(Fig. 72,
;

p. 73.)

Radius of
Curvature
in Milli-
metres.

Horizontal dis-

tance of contrc
of curvature

from the axis of
the System in
Millimetres.

Vertical dis-

tance of centre
of curvature

below the outer
arris of the Zone
at A in Milli-

metres.

Inclination
of tho Radii
in C and b.

Inclination of
the Outer

Radius in C to
the Vertex.

o / a o / u

j

1 4000-00 2021-19 3777-07 1 19 24 15 58 47 1054-34|

2 1918-37 3797-40 1 17 34 14 48 41 106902

3 1813-60 3815-77 1 16 16 13 39 01 1087-52

4 1707-55 3831-95 1 15 26 12 30 46 1109-85

5 1599-72 3846-04 1 15 04 11 23 47 1136-14
j

6 1489-62 3858-14 1 15 08 10 17 59 11 66-57
i

7 1376-71 3868-30 1 15 36 9 13 16 1201-46

8 1260-38 387659 1 16 32 8 09 30 1241-16

9 1139-94 388303 1 17 56 7 06 33 1286-15

10 ... 1014-67 3887-66 1 19 48 6 04 19 1336-99!

11 ... 834-95 3893-00 1 19 56 5 03 46 1394-36

12 752-78 3897-32 1 19 56 4 05 38 1457-22

13 618-37 3901-10 1 19 56 3 10 00 1525-43

O / " o / ft

1 4000-00 2002-52 3781-91 1 19 04 15 42 08

2 ... 1918-55 3801-51 1 19 04 14 27 22

3 1836-22 3818-93 I 19 04 13 14 29

1
* 1756-33 3834-20 1 19 04 12 04 07

5 1679-85 3847-38 1 19 04 10 57 02

6 ... 160739 3858-56 1 19 04 9 53 43
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76 DIOPTRIC SYSTEM OF LIGHTS.

Note.—The Six co-ordinates of the Generating Triangle of

each Zone in the foregoing Tables have the Focus of the Principal

Lenses of the System for their origin ; it being considered more

convenient, in executing the necessary protractions, preparatory to

the construction of the grinding apparatus, at once to refer the

whole of the grinding machinery to the axis of the apparatus.

To prevent the appearance of any inconsistency, however, it is

proper to mention, that the radiant points of the series of Zones,

do not exactly coincide with the Focus of the Lenses nor with

each other
;
and that to avoid the parallax which the distance of

the radiant points from the origin of the co-ordinates would occa-

sion, it is necessary to make some corrections upon the linear di-

mensions, so as to find the line corresponding to the angles 6, g,

and the distance A. In the Hyperpyral series, which stands above

the flame, the Zones have the radiant point 10 millimetres above

the Focus of the Lenses, and each y of this series, therefore,

requires to be reduced by that amount
;
while the x remains un-

changed. In the Hypopyral series, which stands below the

flame, the Focus or radiant points of each Zone, varies its place

in the flame, moving upwards as the Zone is lower, so that the

line joining the Zones and the Foci revolves as a radius vector

round a point between them. In this way, the x's remain unal-

tered ; but the y's will be lengthened successively by the addition

of 10, 14, 19, 25, 32, and 40 millimetres. As these Tables con-

tain the dimensions of Zones which are intended as an addition

to the apparatus of Fresnel, I have adopted the metric scale, so

as to render them at once applicable to the existing protractions

of that system. It is only necessary to add, that the conversion

of millimetres into imperial inches is easily effectd by adding

the log. millimetres to the log. 259516, the sum being the log.

of the equivalent of the first term in imperial inches.
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DIOPTRIC SYSTEM OF LIGHTS. 77

The process of grinding the zones, which I shall here

notice, is that which is followed by M. Theodore Le-

toumeau, who now manufactures the apparatus for the

Northern Lights Board, in the room of M. Francois

Soleil, who is engaged at St Petersburg in the same

work. For this account, the reader is indebted chiefly

to notes which were furnished to me by M. Letourneau

himself.

The glass used in all the parts of the optical appara-

tus of the Dioptric Lighthouses is that of St Gobain,

whose index of refraction, as already noticed, is 1-51.

As well on account of the difficulty experienced in

producing at all times regular castings of glass from the

moulds, as in order to compensate for the frequent ac-

cidents, which occur in the first application of the rub-

bers to the inequalities of the surface of the glass, the

castings, whether for rings of lenses or prisms, are made

from moulds, exceeding the intended size of the finished

pieces by one-eighth part.

We shall take as an example, which is well calcu-

lated to illustrate the difficulties of the grinding pro-

cess, one of the prismatic rings of a Catadioptric Light

of the first order. The first operation will be, to take

off the rough arris at the angles of the pieces as they

come from the moulds, and to reduce to equality the

length of each of the four quadrantal prisms or seg-

ments by removing from each the quantity that may

be necessary to make those four pieces, when placed on

a circle, exactly equal to that of the finished zones.

Each of them must have an excess of material at the

various surfaces just sufficient to insure the rubber hav-

ing scope enough to remove all the flaws or defects of
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78 DIOPTRIC SYSTEM OF LIGHTS.

the two surfaces to be first ground, which are the (con-

cave and convex) refracting faces of the zone (the sides

AC and BC in fig. 68, p. 67).

The pieces must be placed end to end on the hori-

zontal plane or table of the lathe at AA (fig. 73), and

Fig. 73.

I

must rest on the exterior arris A of the reflecting side,

on which arris there is ground a narrow plane, whose

width is proportionate to the projection of the outer

edge beyond the inner edge of the zone, foreshortened

by the bevel or inclination of the reflecting side, when

resting (as in fig. 73) on the circular iron belt, which is

screwed to the table of the lathe provided for its recep-

tion. This narrow plane at the arris A should be suffi-

cient to give the prism a solid and regular bearing on

the circular iron belt. In this figure (fig. 73) a b is the

vertical axis of the lathe, n the point from which the

horizontal co-ordinate for O, the grinding centre for the
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DIOPTRIC SYSTEM OF LIGHTS. 79

exterior concave refracting surface AC is measured, and

e AC the direction of the arc swept by the grinding sur-

face. Conversely, n' is the origin of the horizontal co-

ordinate for the grinding centre 0 of the interior con-

vex refracting surface BC, and e CB the direction of the

arc swept by its grinding surface.* Some skill is re-

quired in fixing the prism on the belt, for, on the one

hand, there is an obstacle to correct workmanship from

the dragging motion of the platform, and on the other,

by the unequal subdivision of the weight of the glass,

which should be nearly balanced. The narrow plane, al-

ready noticed, being perfectly adjusted for all the seg-

ments so as to bed them quite level, the circular iron belt

on which the ring should be ground, is placed on its plat-

form, in the manner represented in the figure. It should

be as truly levelled as possible, otherwise all the subse-

quent operations will be deranged by it. This iron belt

is heated by means of heating pans

;

and the degree of

heat may be practically judged of by the ebullition

of drops of water let fall on it. The segments of glass

are also at the same time placed in a stove heated with

steam, and are generally raised to about 120° centi-

grade. The difference between the time required for

the two operations of heating the iron belt and the

glass segments is employed in laying or bedding a quan-

tity of cement on the reflecting side of the segment, so

as to fill up the angular space between the glass and

the iron belt, and also to serve as a seat for the seg-

ment in the manner shewn in fig. 73. This operation

* The vertical co-ordinates are measured in every case from

the level of A the outer arris of the zone.
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80 DIOPTRIC SYSTEM OF LIGHTS.

is performed on a plane surface, in order that the lower

part of the mastic may be precisely on a level with the

narrow plane already ground on the outer arris of the re-

flecting side. After being sure that the heat is equally

spread over every part of the circular iron belt, the seg-

ment is arranged on it
; and the workman must, at this

juncture, exert all his skill in placing the parts of the seg-

ment in a position nearly concentric with the belt, or in

a truly circular form, making due allowance, however,

for the inequalities existing at various parts of the

rough material, and at the same time taking care that

there should be an interval of at least two millimetres

(or about TVth inch) between the ends of each of the two

adjacent segments. Without this interval the heat

evolved during the polishing would either dilate the

glass so much as to cause the ends of the segments to

fly into splinters, or make it needful to remove the zone

before this should take place, the inevitable consequence

of which would be the fracture of the pieces. Those in-

tervals between the segments are filled with statuary’s

plaster, which must be carefully washed and brushed at

each change of the emery employed in grinding.

The exterior diameter of the circular iron belt must

be precisely equal to that of the ring, because, if larger,

the free movement of the rubbers to and fro on the

concave refracting surface AC (fig. 73) could not take

place.

By what is already said, it will be obvious that the

grinding process is begun at the refracting sides AC
and BC, and a few words will shew that this could

hardly be otherwise. If a commencement be made on

the reflecting side, which appears at first sight more
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natural, the consequence is obvious. Having provided

for an excess of material in every direction, the seg-

ment must consequently be larger than it will be when

finished ; and the surfaces therefore cannot be true and

perfect, except they be ground throughout their entire

segmental section, from their centres of curvature, in

reference to some given apex of the generating triangle.

Now, if the reflecting side were finished first, it might

continue to possess this excess of size after being

finished, and would, therefore, afford no accurate start-

ing point for the grinding of the other surfaces ; it

would also present no surface or narrow plane for rest-

ing firmly on the iron belt, but would then depend

merely on its own finished plane, which, being curved

Fig. 74.

e

I

I

I

!

1

i
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and considerably inclined, would not give a solid bear-

ing for the glass. The other mode of commencing with

the two refracting sides, on the contrary, gives a solid

bearing on the narrow plane already ground on the re-

flecting side at A ; and after those surfaces have been

ground, and the segments inverted (as shewn in fig. 74),

the outer edge of this narrow plane at the arris A,

which has been fully defined by the intersection of the

finished surface AC just ground, and also the apex at

C, which has been determined by the intersection of

AC and BC, combine to fix an accurate starting point

for the rubber, in grinding the reflecting surface

AB.

Dressing off the rough part of the ring is the first

step. This is generally done by means of fixed rub-

bers, the adjustment of which is more easily regulated

than that of the moveable beam or radius of the arc,

which is used to give the exact curvature of the surface.

Those fixed rubbers are 150 millimetres (nearly 6
inches) wide, by 200 millimetres (nearly 8 inches) long,

and are of cast-iron. Three such rubbers are placed at

equidistant points of the circle. Two cutters of sheet-

iron attached to arms placed vertically (as are also those

which carry the rubbers), and moving in grooves ra-

diating towards the centre of the lathe, so as to admit
of adjustment to suit the varying radii of the zones,

serve gradually to abrade the outer and inner arrisses of

the segments, so as to prevent the splintering to which,

from becoming too sharp, those arrisses
, without this

precaution, would be liable. Those rubbers are, be-

sides, fixed by stems to frames, in the form of quadrants
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of the circle, which allow of a change in the direction

of the planes, as occasion may require.

Instead of the siliceous sand formerly used, the powder

of pounded freestone is employed, as it is found to wear

the tools less, and toform abetter preparation for the sub-

sequent grinding operations. It is easy to conceive that

the action of the fixed rubbers necessarily produces ruts

or inequalities in the circular direction. The operation

of rough dressing, therefore, is not finished until, when

those first rubbers are removed, the surfaces of the seg-

ments have been subject, for the required time, to the

action of moveable rubbers, attached to arms working as

radii of curvature, in a plane at right angles to the hori-

zontal movement of the lathe, which carries the zones.

The emery grinding is the second step. The form of

the segment should be nearly perfect, after the rough

grinding is finished. The lathe and the zone are then

subjected to an extremely careful washing. Every place

where the stone-powder might adhere is dusted. The

radius of curvature is verified afresh, agreeably to the

co-ordinates in Tables IV., V., and VI. ; and emery is

used instead of powdered stone
;
beginning with that

called No. 1, which is drawn after suspension in water

for one minute. Brushes are used for spreading the

emery on the surface of the glass. The quantity ought

always to be sufficient to prevent the direct contact of

the cast-iron rubber with the glass. Splintering or

scratching, which cannot be easily effaced, may result

from the neglect of this precaution.

Practice alone, and an eye duly trained by continual

experience, can determine the point of time at which

each kind of emery must be discontinued. The celerity
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of the work depends on circumstances very difficult to

appreciate, such as the amount of the pressure of the

rubbers, or the degree of accuracy with which the radius

of curvature has been adjusted, during the rough grind-

ing. Each kind of emery in succession thus corrects

the form of the zone and refines the grain of the sur-

face of the glass ; and each change to a fresh material

requires the same attention to cleanliness, so as to re-

move every trace of the substance last used in grinding,

and thus to give each successive process its full and legi-

timate effect. The douci is the fifth and last kind of

emery which precedes the polish. It is drawn off after

ten minutes’ suspension in water, and is extremely fine

Before applying it, the greatest care is necessary to in

sure cleanliness, as a single grain of any of the preced-

ing kinds of emery might cause scratches, which the

polish cannot remove.

Next follows the polish. The same considerations

which induce the workman most carefully to cleanse

the lathe and everything connected with it, before em-

ploying the last emery called the douci, are still more

urgent in the case of the final polish. The only change

which is made at this last stage of the work is to re-

place the first rubber by a new one, both longer and

wider by about 50 millimetres (nearly two inches). On

its lower face is laid, with cement, a piece of soft car-

pet, whose edges are fixed to the rubber by means of

fiat bands of iron, attached with screws. This security,

added to that given by the cement, is necessary to fit it

to resist the great pressure it must sustain. A practical

question, which experience alone can resolve, occurs

at this stage, as to the proper time of commencing
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the operation of polishing, which, in the hands of un-

skilful persons, may be so inopportunely begun as

to make that work almost endless. Thus, the mere

circumstance of spreading at the beginning too thick

layers of rouge, or using unsuitable kinds of carpet,

would cut scratches in the glass, and thus perhaps

make it necessary to return to the use of the emery

called douci. Sometimes, also, if the carpets be not

washed at the very time of using them, scratches are

formed by the dust which they may contain. This

shews, that the use of rouge should be rather sparing

than otherwise, at the commencement of the polish ;

and that the carpet-cloths should be brushed and washed,

as M. Letourneau says “ twice rather than once." In

all cases, the quality of the carpet forms an important

element in the success of the working.

When the polish is finished, the ring is detached from

the circular belt, simply by the tap of a hammer, on the

inner edge of the circle. The division of the zones

(which are quarters of the circle) into eighths, is done

by means of a sawing machine consisting of a flat cop-

per-wheel, one-half millimetre inch) in thickness,

attached to an arm with a counterpoise. This wheel

descends and cuts the zone by means of emery, which

is continually applied to it ; the direction of the cut is

radial. The two halves of the zone are detached from

each other, as soon as their weight exceeds the resist-

ance of the part which remains to be sawn.

Lastly comes the adjustment of the prisms in the

frames, an operation which is not without risk. Much

care is required in handling the sharp arrisses of the
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glass, which are very acute and delicate and at the

same time lie in a curved direction, which makes them

liable to be splintered in the hands of unskilful persons.

The plane vertical surfaces of the annular lenses, and

the central band and rings of the dioptric belts of fixed

lights, are ground by means of vertical rubbers with a

reciprocating movement ; and all the plane surfaces are

executed by hand on a flat table.

The cement for fixing the glass on the lathe is com-

posed of 8 parts Swedish pitch, and 1 part of wood

ashes. The whole is heated in an iron pot until fully

liquified and thoroughly mixed. The cement is used

almost in a state of ebullition, so that it cannot be

handled without the precaution of continually dipping

the hands in cold water.

The cement used for the adjustment of the pieces of

glass which touch each other consist of 12 parts white

lead, 1 part minium or red lead, and 5 parts boiled lint-

seed oil. The whole is pounded on

means of a flat mullet, like that used

by painters (fig. 75), whose grind-

ing surface is a b, and c the knob

for the hand. This cement is ap-

plied liquid so as to offer no resist-

ance to the close union of the pieces,

which it is intended to unite.

The cement for filling up voids, and fixing the rings

in the frames, is composed of 12 parts white lead, 3 parts

whiting, 1 part minium, and 4 parts boiled lintseed oil.

This last composition differs from the former only in the

introduction of whiting, which, while like minium it has a

an iron table by

Fig. 75.

e
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desiccative property, gives more body to the cement and

prevents the formation of cracks. The oil is also de-

creased in quantity, as the cement must be used in a

more compact state. The trituration of this cement is

performed by means of a cylindric iron roller a b, with

a centre-spoke c d for the hand (fig 76).

Fig. 76.

a

b

It is essential for the production of good cement, that

the mixture of the ingredients be complete.

The expense of the various parts of the Dioptric ap-

paratus is as follows: Great lens of first order, £58

(8 of which are required)
;
pyramidal lens and mirror,

£14, 12s. (8 of which are required) ; catadioptric cupola,

for 360° of horizon, £480 ; catadioptric rings below

lenses, £360
;
panel of dioptric belt for fixed lights of

first order, £56 (of which 8 are required for the whole

circle) ; apparatus of fourth order, for a fixed light, for

whole horizon, £128; apparatus of sixth order, for whole

horizon, £44. The expense of the mechanical lamp of

the first order with four wicks (with framed tripod and

adjusting screws, as made for the Scotch lighthouses),

is £30.

I next proceed to consider what mode should be fol-

lowed in testing the accuracy of the zones. For this

purpose, various expedients suggested themselves, such
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as the application of gauges in the form of a radius,

having at one end a plate with a triangular space cut

through it, equal and similar to the cross section of the

zone. The horizontal motion of this arm would, of

course, detect the inaccuracies of the successive sections

of the inclosed zone. The application of such a gauge,

however, seemed difficult, and in order to test the form

of the zones, I satisfied myself with using callipers

(similar to the sliding rules used by shoemakers) for

measuring the length of the sides of the zone, and a

goniometer for the angles, which is shewn in the figure

(fig. 77), in which ABC represents the prism, with one

Fig. 77.

B

angle inclosed between the arms AC and AB, moveable

round a centre 0, and RR the graduated limb. This in-

strument, however, is inconvenient and defective, as the

convexity of the sides AB and BC of the zone requires

some skill in getting the arms to be tangents to them.

A practical test, moreover, yet remained to be made of

the zoe 38 when fixed in the brass frames, and assembled

around the common focus of the system (as shewn in
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Plate VIII.), by measuring the final inaccuracy in the

path of the rays emergent from them. I have success-

fully used the following mode. Having mounted the

frames containing the zones on a carriage revolving round

a small flame placed truly in the common focus, I care-

fully marked with a piece of soap the centre of the emer-

gent surface AC of each zone (fig. 68, p. 67) ;
and having

attached to a vertical rod of metal a telescope, provided

with a spirit-level and cross-hairs (for cutting the centre

of the image of the flame reflected through the zone) in

such a manner as to be capable of sliding on the rod, I

observed the cutting of the centre of the flame by the

cross-hairs. In the case of any aberration from a nor-

mal emergence of the central ray, I had thus the means

of at once determining its amount and direction. The

telescope was moved up or down, and its horizontal incli-

nation was varied until the axis of the instrument co-

incided with the direction of the ray emergent from the

centre of each zone, which was made to circulate round

the flame, the observer noting any change in the posi-

tion of the reflected image of the flame, and causing an

attendant to mark the zones in which the change oc-

curred, that they might again be subjected to separate

examination of the same kind, by adjusting the tele-

scope to the error of each. The inclination of the tele-

scope, and the consequent aberration of the ray, was then

measured by a graduated arc, with an adjusting spirit-

level, moved by a rack and pinion, which were attached

to the telescope. By this method I have succeeded in

detecting the inaccurate position of some of the zones

in the frame ; and the error has been reduced by care-
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fully resetting them, so as to diminish considerably the

aberration of a great proportion of the emergent rays.

Another test, however, remained to be applied to the

zones, when finally arranged in their places on the

frame
;
and the mode which I found most convenient in

practice was simply to measure the complements of the

vertical inclination (given in Table III., page 70) of

each surface of the zone, and more especially that of

the reflecting surface, by means of the instruments

Fig. 78.

in their place. The figure (No. 78) shews the mode of

measuring the inclination of the reflecting side AB of

Fig. 79.
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a zone of the upper series; and the second (No. 79)

shews the position of the instrument when applied to the

reflecting side AB of a zone of the under series. In

those figures, L is a spirit-level
; It, a graduated limb

for reading the angular deviation from the true incli-

nation of the tangents to each surface ;
and SS are

studs which rest on the convex surfaces AB and BC of

the zones, so as to make the ruler parallel to the tan-

gents of those sides. I have only to add, that I have

restricted the error in the position of the reflecting

side of the zones to 50' as an extreme limit; and I

have invariably endeavoured, in altering the position of

the zone in the frame, to throw any error on the side

of safety, by causing the rays to dip below the horizon,

rather than to rise above it.*

* In connection with the use of the clinometer, I determined

the inclinations of the tangents or chords of the three curve sur-

H
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The mode of framing the greater zones is nearly the

same as that used for the Small Harbour Light appa-

ratus of the fourth order. The chief difference con-

sists in the diagonal framing, which I adopted for sup-

porting the cupola of 13 zones, which, from its great

weight, could not be safely made to rest on the dioptric

belt below. It is shewn in Plates VII. and VIII., and

accords with the mode of jointing the refractors already

described. This system has now been rendered still more

complete by the adoption of lanterns composed of dia-

gonal framework, afterwards described and shewn at

Plate X.

We have next to consider the great Lamp, to the

proper distribution of whose light, the whole of the ap-

paratus, above described, is applied. Fresnel imme-

diately perceived the necessity of combining with the

dioptric instruments which he had invented, a burner

capable of producing a large volume of flame ; and the

rapidity with which he matured his notions on this sub-

ject and at once produced an instrument admirably

adapted for the end he had in view, affords one of the

many proofs of that happy union of practical with theo-

retical talent, for which he was so distinguished. Fres-

nel himself has modestly attributed much of the merit

of the invention of this lamp to M. Arago ; but that

faces AB, BC, and AC of each zone to NP, the axis of the

system, by means of the obvious relations of the known angles

about C, A, and B. Those inclinations (fig. 80) are shewn by

the angles BNO, BON, and CPF
;
and are given in the Table of

the Zones, No. III.
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gentleman, with great candour, gives the whole credit

to his deceased friend, in a notice regarding light-

houses, which appeared in the Annuaire du Bureau det

Longitudes of 1831. The lamp has four concentric

burners, which are defended from the action of the ex-

cessive heat produced by their united flames, by means

of a superabundant supply of oil, which is thrown up

from a cistern below by a clockwork movement and

constantly overflows the wicks, as in the mechanical

lamp of Carcel. A very tall chimney is found to be

necessary, in order to supply fresh currents of air to

each wick with sufficient rapidity to support the com-

bustion. The carbonisation of the wicks, however, is

by no means so rapid as might be expected ; and it is

even found that after they have suffered a good deal,

the flame is not sensibly diminished, as the great heat

evolved from the mass of flame, promotes the rising of

the oil in the cotton. I have seen the large lamp at

the Tour de Corduan burn for seven hours without being

snuffed or even having the wicks raised ; and, in the

Scotch Lighthouses, it often, with Colza oil, maintains,

untouched, a full flame for no less a period than seven-

teen hours.

The annexed diagrams will give a perfect idea of the

nature of the concentric burner. The first (fig. 81)

shews a plan of a burner of four concentric wicks. The

intervals which separate the wicks from each other and

allow the currents of air to pass, diminish a little in

width as they recede from the centre. The next (fig. 82)

shews a section of this burner. C, O', C", C"' are the

rack-handles for raising or depressing each wick ; AB
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is the horizontal duct which leads the oil to the four

Fig. 81.

Fig. 82.

wicks ; L, L, L, are small plates of tin by which the

burners are soldered to each other, and which are so

placed as not to hinder the free passage of the air ; P is
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a clamping screw, which keeps at its proper level the

gallery R, R, which carries the chimney. The next

figure (No. 83) shews the burner with the glass chimney

and damper. E is the glass-chimney ;

F is a sheet-iron cylinder, which serves

to give it a greater length, and has a

small damper D, capable of being

turned by a handle for regulating the

currents of air; and B is the pipe which

supplies the oil to the wicks. The only

risk in using this lamp arises from the

liability to occasional derangement of

the leathern valves that force the oil by

means of clockwork ; and several of the

lights on the French coast, and more

especially the Corduan, have been ex-

tinguished by the failure of the lamp

for a few minutes, an accident which

has never happened, and scarcely can

occur with the fountain lamps which

illuminate reflectors. To prevent the occurrence of

such accidents, and to render their consequences less

serious, various precautions have been resorted to.

Amongst others, an alarum is attached to the lamp, con-

sisting of a small cup pierced in the bottom, which re-

ceives part of the overflowing oil from the wicks, and is

capable, when full, of balancing a weight placed at the

opposite end of a lever. The moment the machinery

stops, the cup ceases to receive the supply of oil, and,

the remainder running out at the bottom, the equili-

brium of the lever is destroyed, so that it falls and dis-
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engages a spring which rings a bell sufficiently loud to

waken the keeper should he chance to be asleep. It

may justly be questioned whether this alarum would not

prove a temptation to the keepers to relax in their

watchfulness and fall asleep ; and I have, in all the

lamps of the dioptric lights on the Scotch coast, adopted

the converse mode of causing the bell to cease when the

clockwork stops. There is another precaution of more

importance, which consists of having always at hand in

the light-room a spare lamp, trimmed and adjusted to

the height for the focus, which may be substituted for

the other in case of accident. It ought to be noticed,

however, that it takes about twenty minutes from the

time of applying the light to the wicks to bring the

flame to its full strength, which, in order to produce its

best effect, should stand at the height of nearly four

inches (10cm ). The inconveniences attending the great

lamp have led to several attempts to improve it ; and,

amongst others, M. Delaveleye has proposed to substitute

a pump having a metallic piston, in place of the leathern

valves, which require constant care, and must be fre-

quently renewed. A lamp was constructed in this man-

ner by M. Lepaute, and tried at Corduan
; but was after-

wards discontinued until some of its defects could be

remedied. It has lately been much improved by M.

Wagner, an ingenious artist, whom M. Fresnel had em-

ployed to carry some of his improvements into effect.

In the dioptric lights on the Scotch coast, a common

lamp, with a large wick, is kept constantly ready for

lighting
;
and, in the event of the sudden extinction of

the mechanical lamp by the failure of the valves, it is
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only necessary to unscrew and remove its burner, and

put the reserve-lamp in its place. The height of this

lamp is so arranged, that its flame is in the focus of the

lenses, when the lamp is placed on the ring which sup-

ports the burner of the mechanical lamp ; and as its

flame, though not very brilliant, has a considerable

volume, it answers the purpose of maintaining the light

in a tolerably efficient state for a short time, until

the light-keepers have time to repair the valves of the

mechanical lamp. Only three occasions for the use of

this reserve-lamp have yet occurred.

The most advantageous heights for the flames in

dioptric lights are as follow ;

—

Inches.

1st Order, . 10 to 11 centimetres = 3'94 to 4'33

2d Order, . 8 to 9 = 3‘15 to 3 -54

3d Order, . 7 to 8 =2 76 to 3-15

Those heights of flame, however, can be obtained only

by a careful adjustment of the heights of the wicks and

the relative levels of the shoulder of the glass-chimney

and the burner, together with a due proportion for the

area of the opening of the iron-damper which surmounts

it. The wicks must be gradually raised during the first

hours of burning to the level of 7 millimetres (0-27 inch)

above the burner, a height which they may only very

rarely and but slightly exceed. By raising the shoulder

of the glass-chimney, the volume of the flame is in-

creased ;
but, after a certain height is exceeded, the

flame, on the other hand, becomes reddish and its

brilliancy is diminished. The height of the flame is

E
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decreased, and it becomes whiter by lowering the chim-

ney. The chimney is lowered or raised by simply

turning to the right or to the left the cylindric glass-

holder in which it rests. In regulating the flame, how-

ever, recourse is most frequently had to the use of the

damper, by enlarging the opening of which the flame

falls and becomes whiter and purer ; while by diminish-

ing its aperture, the contrary effect is produced. The

area of the opening depends on the inclination of a

circular disc capable of turning, vertically through a

quadrant, on a slender axle of wire, which is commanded

by the light-keeper by means of a fine cord which hangs

from it to the table below. When the disc (see fig. 83,

p. 95) is in a horizontal plane the chimney is shut ; when

in a vertical plane, it is open ; and each intermediate

inclination increases or decreases the aperture.

I need scarcely add, that in order to produce the pro-

per effect of a system of lenses or refractors, the vertical

axis of the flame should coincide with their common

axis ; and it is further necessary, in order to bring the

best portion of the flame into a suitable position with

reference to the apparatus, that the top of the burner

should be quite level, and should stand below the plane

of the focus in the following proportions, viz. :

—

For 1st order, 28 millimetres = 1‘10 inch.

... 2d order, 26 ... = 1*02 ...

... 3d order, 24 ... =0’95 ...

For the purpose of placing the lamp in the centre of

the apparatus, a plumbet having a sharp point, is sus-

pended in the axis of the apparatus, to indicate, by its
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apex, the place for the centre of the burner. The

lamp is then raised or lowered as required by means

of four adjusting screws at the bottom of its pedestal

;

and the top of the burner is made horizontal by a

spirit-level, the most convenient form of which is that

of the spherical segment, which acts in every azimuth.

Its application to this purpose is due, I believe, to M.

Iietourneau, the successor of M. Francis in the construc-

tion of dioptric apparatus at Paris. This level is shewn

in the annexed figure (fig. 84), in which a 6 is the brass

frame containing the level, and O
the air-bubble

;
and e shews circles of

equal altitudes engraved on the glass.

Afterthe first application of this level,

the adjustment of the burner as to its

central position is carefully repeated

by means of a centre-gauge (shewn at

fig. 89, p. 106), which is applied to the vertex of each lens,

or to many points on the internal surface of the refrac-

tors
; and being found correct, the level is again applied

to the top of the burner, to detect any deviation from

horizontality that may have occurred during the pro-

cess of adjusting it to the axis.

The lamp is subject to derangement, chiefly from the

stiffness of the clack-valves for want of regular clean-

ing, from bursting of the leathern valves of the oil-box,

stiffness of the regulator, or the wearing of the bevelled

gearing which gives motion to the connecting-rod that

works the valves of the oil-pumps.

The pumps of the lamp should raise, in a given time.

Fig. 84.
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four times the quantity of oil actually consumed in

maintaining the flame during that time. Their hourly

produce should he,

lb. avoirdupois.

For the lamp with four wicks, . . . 6 -615

three wicks, . . 4‘410

two wicks, . . . 1’675

This surplus of three times what is burned is necessary

to prevent the wick from being carbonised too quickly

;

and it has been found quite sufficient for that pur-

pose. The discharge from the pumps is, of course, re-

gulated by changes in the angle of the fans of the re-

gulator, or in the amount of the moving weight.

In preparing the leathern valves of the pump-box or

chamber, shewn in Plate IX., care must be taken that

they be neither too flaccid from largeness, nor too

tense from smallness ; and also that, after being fitted,

they draw no air. To remove the old valves and replace

them by fresh ones, is a very simple process, more espe-

cially when a proper die or mould is used, which at once

cuts the kid-leather, of which the valves are formed, to

the required size and squeezes them into the proper shape.

The focal point for the lenses and refractors is in the

centre of the flame and on the level of its brightest film.

The choice of a focus for the zones naturally formed a

most important practical consideration in their arrange-

ment For the upper zones, M. Fresnel had adopted a

point in the centre of the flame 10 millimetres above the

focus of the lenses, so that all the light below that point

necessarily falls between the horizon and the lighthouse

;
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but for the lower zones, it was necessary, owing to their

arrangement, for the sake of convenience, in a cylin-

dric form, to adopt a separate focus for each zone,

receding from the adjacent one, in the direction of the

centre of gravity of that part of the flame which would

light each zone. In this manner (fig. 85) the foci of

Fig. 85.

the zones move upwards from a to / in proportion to

the depression of the zones a, b, c, d, e, /, so that the

line joining each zone and its focus, must revolve as

a radius vector round some point 0 between them. The

details of this arrangement are shewn in Plate VIII.

;

and are also given in the Tables of the Catadioptric

Zones.
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In the arc next the land, in fixed lights, a great loss

of light ensues from the escape of the rays uselessly in

that direction. So far back as 1834, I suggested the

placing a segment of a spherical mirror, with its centre

of curvature coincident with F the focus of the system,

so that the luminous pyramid MFM, of which the mirror

MM forms the base, might be thrown back through the

focal point and finally refracted into such a direction as

to contribute to the effect of the lens QA q in seaward

and opposite arc. In the diagram (fig. 86), r r indicate

Fig. 86.

rays proceeding directly from F ; r' r' rays reflected

from MM through F, and finally refracted at QA q ;

and r" r" is the beam compounded of both. In the best

glass-silvered mirrors, this accession of light would

amount to nearly half of the light incident on them.

In such an arrangement, a considerable radius is de-

sirable to decrease the amount of aberration produced

by a large flame. In the case of revolving lights of the

first order, the radius would, of course, be limited to

somewhat less than three feet, which is the focal dis-
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tance of the lenses, between which and the focus, the

reflecting segment must be placed
; but in fixed lights,

the lantern is the limit of radius, so that a focal length

of five feet ten inches may be obtained. M. Francis

ground some beautiful mirrors of three feet radius,

which were afterwards silvered by his successor, M.

Letourneau, by some process similar to that patented

by Mr Drayton of London, by depositing a thin film of

silver from a spirituous solution of the nitrate ;* and

that gentleman has successfully completed the construc-

tion of reflecting spherical segments 1200mm - square

(about 16 superficial feet), to a radius of 1770mm - (5 feet

10 inches), which subtend a vertical arc of about 40°.

The arrangements of the dioptric apparatus in the

lightroom w'ill be more fully understood by referring to

the Plates.

Plate V. shews an elevation of a revolving dioptric

apparatus of the first order
; F is the focal point, in

which the flame is placed
;
L, L great annular lenses,

forming by their union an octagonal prism, with the

lamp in its axis, and projecting, in horizontal beams,

the light which they receive from the focus
;
L' L', the

upper lenses, forming by their union a frustum of an

octagonal pyramid of 50° of inclination, and having

their foci coinciding in the point F. They parallelise

the rays of light which pass over the lenses. M, M are

* See notice of a similar process practised about the year 1750

by Mr Rogers of London, ante, p. 2, Part II.
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plane mirrors, placed above the pyramidal lenses L'L',

and so inclined as to project the beams reflected from

them in planes parallel to the horizon ; Z, Z are the

lower zones, first used at Skerryvore, in the room of

the curved mirrors which were used at Corduan. The

lower part of Plate V. shews the moveable framework

which carries the lenses and mirrors, and the rollers on

which it circulates, with the clockwork which gives mo-

tion to the whole.

Plate VII. shews a section of a fixed dioptric light of

the first order. F is the focal point in which the flame

is placed ; R, R cylindric refractors, forming by their

union a prism of thirty-two sides, or a true cylinder,

with the lamp in its axis, and producing a zone of light

of equal intensity in every point of the horizon ;
ABC

and A' B' O' shew the upper and lower zones which sup-

ply the place of the mirrors shewn at M, M, in Plate

VI.
;
while DEF shews the cylindric belt as lately im-

proved, with the diagonal joints M, N, C ; and X, X,

represent the diagonal supports for the cupola ABC.

This plate, in connection with the enlarged section of

the same apparatus at Plate VIII., affords a complete

explanation of the arrangement of all the parts.

In Plate VI. M, M are the curved mirrors, ranged in

tiers above and below the cylindric refractors, and hav-

ing their foci coinciding in the point F ; the effect of

the mirrors increases the power of the light, by collect-

ing and transmitting the rays which would otherwise

pass above and below them, without increasing the effect

of the light. The elements and dimensions of the mir-

rors are given in the Plate.
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For the purpose of arranging the various parts of the

dioptric apparatus in their proper positions, three gauges

are employed. The first (fig. 87) is for ascertaining that

Fig. 87.

the lenses Z, Z, are inclined to each other at the proper

horizontal angle, so that their axes shall meet with the

proper inclination in F the focus. This is done by

means of two arms, whose projecting points r, r, r, r

touch the backs of the lenses, while the graduated arc

c indicates the inclination of Z, l, to Z, Z, or the comple-

ment of that inclination at F.

Again, for ascertaining the verticality of the main

lenses, or for setting the subsidiary lenses or mirrors

shewn in Plate V., at the required angle of inclination,

recourse is had to a clinometer (fig. 88) touching the

back of the lens LL by means of studs at A, A, while

the spirit-level S indicates, on the graduated limb, the
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amount of deviation from the vertical position of the

instrument, whether accidental or intentional.

Fig. 88.

Lastly, to test the true position of the lamp itself,

with reference to the lenses thus properly arranged, we

apply a radius or trainer (fig. 89) which fits into the

Fig. 89.

I
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centre burner at F, while its point A touches the centres

of the lenses l, l. At B is a graduated slide, which ad-

mits of the trainer being lengthened or shortened to suit

various focal distances
;
and the spirit-level at c at once

corrects any error in the length of the trainer arising

from depression or elevation, and also serves to indicate

the proper level for the burner which is noticed at page

98, in speaking of the lamp. The dotted line F c' B' A'

shews the position of the trainer in reference to an ad-

jacent lens.

The elegant apparatus invented by Augustin Fresnel

for harbour lights, on the same principle as that just

described for sea-lights, is shewn (fig. 90, next page). It

consists of thirteen rings of glass of various diameters

arranged one above another, in an oval form. The five

middle rings have an interior diameter of 11-81 inches

(30cm -) and, like those of the larger apparatus, refract

equally over the horizontal plane of the focus, the light

which they receive from it. The other rings or prisms,

of which five are called upper and three lower, are

ground and set in such a manner, that they project all

the light derived from the focus, in a direction parallel

to the other rays, by means of total reflection.

The arrangements of this apparatus, which is distin-

guished by the addition of external refractors arranged

vertically, will be more fully understood by a reference

to fig. 90, which shews its section and plan. F is the

focal point in which the flame is placed
;

r, r cylindric

refractors, forming, by their union, a cylinder with a

lamp in its axis, and producing a zone of light of equal

intensity all round the horizon ; and x, x are catadioptric
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prismatic rings acting by total reflection ,
and giving out

Fig. 90.

zones of light of equal intensity at every point of the

horizon. The dotted lines shew the course traversed by

the rays of light which proceed from the lamp, and are

acted upon by the rings of glass. The letters r' / shew

the external prisms, having their axes at right angles

to those of the principal bent prisms, composing the re-

fractors at r, r, and revolving around them. This in-

genious application of the property of crossed prisms is

already described at page 43, Part II.

When this apparatus is employed to light only a part

of the horizon, the rings are discontinued on the side

next the land, and room is thus obtained for using a

common fountain lamp
; but when the whole horizon is

illuminated, the apparatus must inclose the flame on



DIOPTRIC SYSTEM OF LIGHTS. 109

every side; and it has in that case been found most con-

venient to employ the hydrostatic lamp of Thilorier,

in which a balance of sulphate of zinc in solution is

employed to force the supply of oil to the wicks from

the cistern below the flame.

An instrument differing from this small apparatus

only in size has lately been introduced into the light-

houses in France, and has also been adopted in Scot-

land for lights in narrow seas. It has the same number

of rings of glass as the small apparatus, and of the same

proportional dimensions. Its internal diameter, how-

ever, is 500 millimetres (about 19£ inches). The fol-

lowing Table gives the elements of the eight prismatic

zones (above and below the belt), with the co-ordinates

to their centres of curvature, measured from the arris A
of the outer or emergent surfaces, in whatever position

the zone may lie on the lathe. The dimensions are in

millimetres ; but may be easily converted into imperial

inches, in the manner described in the Note, p. 76.
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i??
* Radii of

curvature.

Horizontal
distance
from the

axis of the
system.

Vertical
distance
from the

outer arris.

A.

No. of
Zone.

»

Radii of
curvature.

Horizontal
distance
from the
axis of the
system.

j

;

Vertical
distance
from the

outer arris.

A.

Reflecting Surfaces (Convex).
AB.

•

|

i. 1094-5 723-5 833-78

1

V. 1222-9 523-6 11691
1

n. 1045-7 652-8 891-01 VI. 1249-4 544-0 11921

in. 1044-5 598-4 933-67 VII. 1150-4 593-5 1062-9

IV. 1087-3 551-9 1010-20 VIII. 1113-6 650-5 985-9

|

Outer Refracting Surfaces
(Concave). AC.

!

1250-0 1290-7 303-19 V. 1250-0 1100-22 829-52

n. 1250-0 1274-2 445-89 VI. 1250-0 1112-74 821-16

m. 1250-0 1234-0 587-05 VII. 1250-0 1190-50 698-00

IV. 1250-0 1173-0 717-71 VII. 1250-0 1251-90 557-22

Inner Refracting Surfaces
(Convex). BC.

1

i. 1250-0 150-67 1211-90 vv - 1250-0 452-23 1184-20

n. 1250-0 22819 1208-80 VI. 1250-0 453-07 1185-20

in. 12500 305-10 1203-35
*

VII. 12500 374-60 1196-001

IV. 1250-0 381-00 119530 VIII. 12500 294-35 1203-80

i

Digitized by Google



DIOPTRIC SYSTEM OF LIGHTS. Ill

The effect of an annular lens, in combination with the

great lamp, may be estimated at moderate distances to

be nearly equal to that of between 3000 and 4000 Ar-

gand flames of about an inch diameter ; that of a cylin-

dric refractor at about 250 ; and that of a curved mirror

may perhaps on an average be assumed at about 10 Ar-

gand flames.

The dioptric lights used in France are divided into

six orders, in relation to their power and range
;
but

in regard to their characteristic appearances, this divi-

sion does not apply, as, in each of the orders, lights of

identically the same character may be found, differing

only in the distance at which they can be seen, and in

the expense of their maintenance. The six orders may

be briefly described as follows :

—

1at, Lights of the first order having an interior radius

or focal distance of 36-22 inches (92cm -), and lighted by

a lamp of four concentric wicks, consuming 570 gallons

of oil per annum.

2d, Lights of the second order having an interior ra-

dius of 27-55 inches (70cm -), lighted by a lamp of three

concentric wicks, consuming 384 gallons of oil per annum.

3d, Lights of the third order, lighted by a lamp of two

concentric wicks, consuming 183 gallons of oil per an-

num, and having a focal distance of 19-68 inches (50cin
-)

4dh, Lights of the fourth order, or harbour-lights,

having an internal radius of 9-84 inches (25cm -), and a

lamp of two concentric wicks, consuming about 130 gal-

lons of oil per annum.

5th, Lights of the fifth order, having a focal distance

of 7-28 inches (185om -) ; and
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112 DIOPTRIC SYSTEM OF LIGHTS.

6th, Lights of the sixth order, having an internal

radius of 5-9 inches (15cm -), and lighted by a lamp of

one wick, or Argand burner, consuming 48 gallons of

oil per annum. The more minute subdivisions of orders

I consider to be unnecessary.

Those orders are not intended as distinctions; but are

characteristic of the power and range of lights, which

render them suitable for different localities on the coast,

according to the distance at which they can be seen.

This division, therefore, is analogous to that which se-

parates our lights into sea-lights, secondary lights, and

harbour-lights, terms which are used to designate the

power and position, and not the appearance, of the lights

to which they are applied.

Each of the above orders is susceptible of certain com-

binations, which produce various appearances, and con-

stitute the distinctions used for dioptric lights ; but the

following are those which have been actually employed

as the most useful in practice :

—

The first order contains, 1st, Lights producing, once

in every minute, a great flash, preceded by a smaller

one, by the revolution of eight great lenses and eight

smaller ones combined with eight mirrors
; 2d, Lights

flashing once in every half minute, and composed of

sixteen half lenses. Those lights may have the subsi-

diary parts simply catoptric, or dia-catoptric
; and, 3d,

Fixed lights, composed of a combination of cylindric

pieces, with curved mirrors or catadioptric zones ranged

in tiers above and below them.

The second order comprises revolving lights with six-

teen or twelve lenses, which make flashes every half
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DIOPTRIC SYSTEM OF LIGHTS. 113

minute ; and fixed lights varied by flashes once in every

four minutes, an effect which, as already noticed, is

produced by the revolution of exterior cylindric pieces.

The third order contains common fixed lights, and

fixed lights varied by flashes once in every four minutes.

The fourth order contains simple fixed lights, and

fixed lights varied by flashes once in three minutes.

The fifth order has fixed lights varied by flashes

once in every three minutes, and fixed lights of the com-

mon kind. It has been thought necessary to change

the term “ fixed lights varied by flashes,” for “ fixed

light with short eclipses,” because it has been found

that, at certain distances, a momentary eclipse precedes

the flash. The sixth order has only fixed lights.

These distinctions depend upon the periods of revolu-

tion, rather than upon the characteristic appearance

of the light; and therefore seem less calculated to strike

the eye of a seaman, than those employed on the coasts

of Great Britain and Ireland. In conformity with this

system, and in consideration of the great loss of light

which results from the application of coloured media,

distinctions based upon colour have been generally dis-

carded in the French lights.

The distinctions are, in fact, only four in number,

viz. : Fixed ; Fixed, varied by flashes ;* Revolving, with

flashes once a minute ; and Revolving, with flashes every

half-minute. To those might be added, Revolving, with

* The “ Feu fixe, varie par des Eclats,” or “ Feu fixe, acourtes

Eclipses,” of Fresnel.
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114 DIOPTRTC SYSTEM OF LIGHTS.

bright periods once in two minutes, and perhaps Flash-

ing once in five seconds (as introduced by me at the

Little Ross, but I cannot say with such complete success

as would induce me to recommend its general adoption).

My own experience would also lead me to reject the dis-

tinction called “ Fixed, varied by flashes,” which I do

not consider as possessing a marked or efficient cha-

racter.

Having thus fully described the nature of the catop-

tric and dioptric modes of illuminating lighthouses, I

shall conclude with a comparative view of the merits of

both systems, deduced from the experiment made at

Gullan-hill during the winters of 1832 and 1833, under

the inspection of the Commissioners of Northern Lights.

The chief practical result of those trials was, that the light

of one of the great annular lenses used in the revolving

lights of the first order, was equal to the united effect of

eight of the large reflectors employed in the revolving

lights on the Scotch coast. It may be said, however, that

the dia-catoptric* combination of pyramidal lenses and

plane mirrors of Corduan, adds the power of more than

two reflectors to the effect of the great lens ; but it ought

to be remembered that in the French lights, this addi-

tional power is used only to compensate for one of the

defects of the system by lengthening the duration of

the flash, and therefore contributes, if at all, only in a

* I use this word to designate the arrangement of pyramidal

lenses and plane mirrors, by which the light is first refracted,

and then reflected.
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very indirect manner, to render the light visible to the

mariner at a greater distance. M. Fresnel found, that

from the smaller divergence of the lens, the eclipses were

too long and the bright periods of the revolution too

short
; and he therefore determined to adopt the hori-

zontal deviation of 7° for the upper lenses, with a view

to remedy this defect. Assuming, therefore, that it were

required to increase the number of reflectors in a re-

volving light of three sides, so as to render it equal in

power to a dioptric revolving light of the first order, it

would be necessary to place eight reflectors on each face,

so that the greatest number of reflectors required for

this purpose may be taken at twenty-four. M. Fresnel

has stated the expenditure of oil in the lamp of four

concentric wicks at 750 grammes of colza oil per hour

;

and it is found by experience at the Isle of May and

Inchkeith, that the quantity of spermaceti oil consumed

by the great lamp, is equal to that burned by from four-

teen to sixteen of the Argand lamps used in the Scotch

lights. It therefore follows, that, by dioptric means, the

consumption of oil necessary for between fourteen and

sixteen reflectors, will produce a light as powerful as

that which would require the oil of twenty-four reflectors

in the catoptric system of Scotland ; and, consequently,

that there is an excess of oil equal to that consumed by

ten reflectors, or 400 gallons in the year, against the

Scotch system. But in order fully to compare the

economy of producing two revolving lights of equal

power by those two methods, it will be necessary to take

into the calculation the interest of the first outlay in

establishing them.
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The expense of fitting up a revolving light with

twenty-four reflectors, ranged on three faces, may bo

estimated at £1298, and the annual maintenance, in-

cluding the interest of the first cost of the apparatus,

may be calculated at £418, 8s. 4d. The fitting up a re-

volving light with eight lenses and the dia-catoptric

accessory apparatus, may be estimated at £1459, and

the annual maintenance at £354, 10s. 4d. It therefore

follows, that to establish and afterwards maintain a

catoptric light of the kind called revolving white, with a

frame of three faces, each equal in power to a face of the

dioptric light of Corduan, an annual outlay of £63, 18s.

more would be required for the reflecting light than for

the lens light ; while for a light of the kind called re-

volving red and white, whose frame has four faces, at

least thirty-six reflectors would be required in order to

make the light even approach an equality to that of

Corduan ; and the catoptric light would in that case

cost £225 more than the dioptric light.

The effect produced by burning an equal quantity of

oil in revolving lights on either system, may be esti-

mated as follows:—In a revolving light, like that of

Skerryvore, having eight sides, each lighting with its

' greatest power a horizontal sector of 4°, we have 32°

(or units) of the horizon illuminated with the full power

of 3200 Argand flames, and consequently an aggregate

effect of 102,400 flames, produced by burning the oil

required for sixteen reflectors ; while in a catoptric

apparatus, like that of the old light at Inchkeith, having

seven sides of one reflector, each lighting with its

greatest power a sector of 4°-25', we have nearly 31°
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(or units) of the horizon illuminated with the full power

of 400 Argand flames, and consequently an aggregate

effect of 12,400 flames as the result of burning the oil

required for seven reflectors. Hence, the effect of burn-

ing the same quantity of oil in revolving lights on either

16
system, will be represented respectively by — 12,400=

28,343 for the catoptric, contrasted with 102,400 for

the dioptric light
;

or, in other words, revolving lights

on the dioptric principle, use the oil more economically

than those on the catoptric plan, nearly in the ratio of

3 6 to 1.

Let us now speak of fixed lights, to which the dioptric

method is peculiarly well adapted. The effect produced

by the consumption of a gallon of oil in a fixed light,

with twenty-six reflectors, which is the smallest number

that can be properly employed, may be estimated as

follows :—The mean effect of the light spread over the

horizontal sector, subtended by one reflector, as deduced

from measurements made at each horizontal degree, by

the method of shadows, is equal to 174 unassisted Ar-

gand burners. If, then, this quantity be multiplied by

360 degrees, we shall obtain an aggregate effect of

62,640, which, divided by 1040 (the number of gallons

burned during a year in twenty-sijc reflectors), would

give 60 Argand flames for the effect of the light main-

tained throughout the year by the combustion of a gallon

of oil. On the other hand, the power of a catadioptric

light of the first order, like that lately established at

Girdleness, may be estimated thus :—The mean effect

of the light produced by the joint effect of both the diop-
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trie and catadioptric parts of a fixed light apparatus,

may be valued at 450 Argand flames, which, multiplied

by 360 degrees, gives an aggregate of 162,000 ; and if

this quantity be divided by 570 (the number of gallons

burned by the great flame in a year), we shall have about

284 Argand flames for the effect of the light produced

by the combustion of a gallon of oil. It would thus

appear that in fixed lights, the French apparatus, as

lately improved, produces, as the average effect of the

combustion of the same quantity of oil over the whole

horizon, upwards offour times the amount of light that

is obtained by the catoptric mode.

But the great superiority of the dioptric method

chiefly rests upon its perfect fulfilment of an important

condition required in a fixed light, by distributing the

rays equally in every point of the horizon. In the

event of the whole horizon not requiring to be illumi-

nated, the dioptric light would lose a part of its supe-

riority in economy, and when half the horizon only is

lighted, it would be more expensive than the reflected

light ; but the greater power and more equal distribution

of the light, may be considered of so great importance,

as far to outweigh the difference of expense. In the

latter case, too, an additional power, as already noticed

(p. 102), can be given to the dioptric light, by placing at

the landward side of the lightroom, spherical mirrors

with their centres in the focus of the refracting appara-

tus.* The luminous cones, or pyramids, of which such

* A similar arrangement can also be made in revolving lights

by making tbe radius of the mirrors somewhat less than that of
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reflectors would form the bases, instead of passing off

uselessly to the land, would thus be thrown back through

the focal point, and finally refracted, so as to increase

the effect of the light seaward, by nearly one- third of

the light which would otherwise be lost.

The expense of establishing a fixed light composed of

twenty-six reflectors, may be estimated at £950, and

its annual maintenance, including interest on the first

cost of the apparatus, may be reckoned at £425, 10s.

:

and the expense of fitting up a fixed light on the diop-

tric principle with catadioptric zones is £1511, while its

annual maintenance may be taken at £285, 6s. 4d. It

thus appears that the annual expenditure of the dioptric

fixed light is £140, 3s. 8d. less than that of a fixed light

composed of twenty-six reflectors ; while the average

effect, equally diffused over the horizon, is four times

greater.

The comparative views already given of the catoptric

and dioptric modes of illuminating lighthouses, demon-

strate that the latter produces more powerful lights by

the combustion of the same quantity of oil ; while it is

obvious that the catoptric system insures a more certain

exhibition of the light, from the fountain-lamps being

less liable to derangement than the mechanical lamps

the inscribed circle of the octagon bounded by the lenses, so that

they may circulate freely round the backs of the mirrors. The

shortness of the radius of the reflecting surface would, of course,

increase the divergence of the beam of light refracted through

the lenses, as the flame would, in this case, subtend a greater

angle at the face of the mirrors.
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used in dioptric lights. The balance, therefore, of real

advantages or disadvantages, and, consequently, the

propriety of adopting the one or the other system, in-

volves a mixed question, not susceptible of a very pre-

cise solution, and leaving room for different decisions,

according to the value which may be set upon obtaining

a cheaper and better light, on the one hand, as con-

trasted, on the other, with less certainty in its exhibi-

tion. Experience, however, goes far to shew that, in

practice, the risk of extinction of the lamp in dioptric

lights is very small.

A few general considerations, serving briefly to reca-

pitulate the arguments for and against the two systems,

may not be out of place. And, first, regarding the fit-

ness of dioptric instruments for revolving lights, it ap-

pears from the details above given,

—

1st, That by placing eight reflectors on each face of a

revolving frame, a light may be obtained as brilliant as

that derived from the great annular lens
;
and that, in

the case of a frame of three sides, the excess of expense

by the reflecting mode, would be £63, 18s. ; and in the

case of a frame of four sides, the excess would amount

to £225.

2d, That for burning oil economically in revolving

lighthouses, which illuminate every point of the horizon

successively, the lens is more advantageous than the re-

flector in tfye ratio of 3-6 to 1.

3d, That the divergence of the rays from the lens be-

ing les3 than from the reflector, it becomes difficult to

produce, by lenses, the appearance which characterises

the catoptric revolving lights, already so well known to

Digitized by Google



DTOPTRIC SYSTEM OF LIGHTS. 121

British mariners ; and any change of existing lights

which would, of course, affect their appearance, must,

therefore, involve some practical objections, which do not

at all apply to the ease of new lights.

4dh, That the uncertainty in the management of the

lamp renders it more difficult to maintain the revolving

dioptric lights without risk of extinction, an accident

which has several times occurred at Corduan and other

lighthouses both in France and elsewhere. A more ex-

tended experience, however, has tended to moderate any

fears on this head.

5th, That the extinction of one lamp in a revolving

catoptric light is not only less probable, but leads to

much less serious consequences than the extinction of

the single lamp in a dioptric light
;
because, in the first

case, the evil is limited to diminishing the power of one

face by an eighth part ; whilst, in the second, the whole

horizon is totally deprived of light. The extinction

of a lamp, therefore, in a dioptric light, leads to evils

which may be considered very great in comparison with

the consequences which attend the same accident in a

catoptric light.

In comparing the fixed dioptric, and the fixed catop-

tric apparatus, the results may be summed up under the

following heads :

—

1st, It is impossible, by means of any practicable

combination of paraboloidal reflectors, to distribute

round the horizon a zone of light of exactly equal in-

tensity ; while this may be easily effected by dioptric

means, in the manner already described. In other words,

F
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the qualities required in fixed lights cannot be so fully

obtained by reflectors as by refractors.

2d, The average light produced in every azimuth by

burning one gallon of oil in Argand lamps, with reflec-

tors, is only about one-fourth of that produced by burn-

ing the same quantity in the dioptric apparatus; and the

annual expenditure is £140, 3s. 8d. less for the entire

dioptric light than for the catoptric light.

3d, The characteristic appearance of the fixed reflect-

ing light in any one azimuth would not be changed by

the adoption of the dioptric method, although its in-

creased mean power would render it visible at a greater

distance in every direction.

4dh, From the equal distribution of the rays, the di-

optric light would be observed at equal distances in every

point of the horizon
;
an effect which cannot be fully at-

tained by any practicable combination of paraboloidal

reflectors.

5th, The inconveniences arising from the uncertainty

which attends the use of the mechanical lamp, are not

perhaps so much felt in a fixed as in a revolving light;

because the greater simplicity of the apparatus admits

of easier access to it, in case of accident.

6th, But the extinction of a lamp in a catoptric light,

leaves only one twenty-sixth part of the horizon without

the benefit of the light, and the chance of accident aris-

ing to vessels from it, may, therefore, be considered as

incalculably less than the danger resulting from the ex-

tinction of the single lamp of the dioptric light, which

deprives the whole horizon of light.
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7th, There is also, in certain situations, a risk arising

from irregularity in the distances at which the same

fixed catoptric light can be seen in the different azi-

muths. This defect, of course, does not exist in the

dioptric light.

There can be little doubt, that the more fully the sys-

tem of Fresnel is understood, the more certainly will it

be preferred to the catoptric system of illuminating

lighthouses, at least in those countries where this im-

portant branch of administration is conducted with the

care and solicitude which it deserves. It must not,

however, be imagined, that there are no circumstances

in which the catoptric system is not absolutely prefer-

able to illumination by means of lenses. We have

hitherto attended only to horizontal divergence and its

effects, and this is unquestionably the more important

view ; but the consideration of vertical divergence must

not be altogether overlooked. Now, while it is obvious

that vertical divergence, at least above the horizon, in-

volves a total loss of the light which escapes uselessly

upwards into space (in which respect the reflectors are

much less advantageous), it is no less true, that if the

sheet of light which reaches the most distant horizon of

the lighthouse, however brilliant, were as thin as the ab-

sence of all vertical divergence would imply, it would be

practically useless; and some measure of dispersion in the

arc below the horizon is therefore absolutely indispen-

sable to constitute a really useful light. In the reflector,

the greatest vertical divergence below the horizontal

plane of the focus is 16° 8', and that of the lens is about

4° 30'. Let us consider for a moment the bearing of those
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facts upon the application of the two modes of illumina-

tion to special circumstances. The powerful beam of

light transmitted by the lens, peculiarly fits that instru-

ment for the great sea-liglits which are intended to warn

the mariner of his approach to a distant coast which he

first makes on an oversea voyage ; and the deficiency

of its divergence, whether horizontal or vertical, is not

practically felt as an inconvenience in lights of that cha-

racter, which seldom require to serve the double purpose

of being visible at a great distance, and at the same

time of acting as guides for danger near the shore. For

such purposes, the lens applies the light much more ad-

vantageously as well as more economically than the re-

flector; because, while the^ duration of its least diver-

gent beam is nearly equal to that of the reflector, it

is eight times more powerful. A revolving system of

eight lenses illuminates an horizontal arc of 32° with

this bright beam. The reflector, on the other hand,

spreads the light over a larger arc of the horizon
; and,

while its least divergent beam is much less powerful

than that of the lens, the light which is shed over its

extreme arc is so feeble as to be practically of no use

in lights of extensive range, even during clear weather.

When a lighthouse is placed on a very high headland,

however, the deficiency of divergence in the vertical

direction is often found to be productive of some prac-

tical inconvenience ; but this defect may be partially

remedied by giving to the lenses a slight inclination

outwards from the vertical plane of the focus, so as

to cause the most brilliant portion of the emergent

beam to reach the visible horizon which is due to the

Digitized by Google



DIOPTRIC SYSTEM OF LIGHTS. 125

height of the lantern. It may be observed, also, that a

lantern at the height of 150 feet, which (taking into

account the common height of the observer’s eye at

sea) commands a range of upwards of 20 English miles,

is sufficient for all the ordinary purposes of the naviga-

tor, and that the intermediate space is practically easily

illuminated, even to within a mile of the lighthouse, by

means of a slight inclination of the subsidiary mirrors,

even where the light from the principal part of the ap-

paratus passes over the seaman’s head. For the purpose

of leading lights, in narrow channels, on the other hand,

and for the illumination of certain narrow seas, there

can be no doubt that reflectors are much more suitable

and convenient. In such cases, the amount of vertical

divergence below the horizon, forms an important ele-

ment in the question, because it is absolutely necessary

that the mariner should keep sight of the lights even

when he is very near them ; while there is not the same

call for a very powerful beam which exists in the case

of sea-lights. Yet even in narrow seas, where low

towers, corresponding to the extent of the range of the

light, are adopted, but where it is, at the same time,

needful to illuminate the whole or the greater part of the

horizon, the use of dioptric instruments will be found

almost unavoidable, especially in fixed lights, as well

from their equalizing the distribution of the light in

every azimuth, as from their much greater economy

in situations where a large annual expenditure would

often be disproportionate to the revenue at disposal.

In such places, where certain peculiarities of the situa-

tion require the combination of a light equally diffused
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over the greater portion of the horizon, along with a

greater vertical divergence in certain azimuths, than

dioptric instruments afford, I have found it convenient

and economical to add to the fixed refracting apparatus

a single paraboloidal reflector, in order to produce the

desired effect, instead of adapting the whole to the more

expensive plan for the sake of meeting the wants of a

single narrow sector of its range. In other cases, where

the whole horizon is to he illuminated, and great ver-

tical divergence is at the same time desirable, a slight

elevation of the burner, at the expense, no doubt, of a

small loss of light, is sometimes resorted to, and is found

to produce, with good effect, the requisite depression of

the emergent rajs. *

In certain situations, where a great range, and, conse-

quently, a powerful light must be combined with toler-

ably powerful illumination in the immediate vicinity of

the lighthouse, we might, perhaps, advantageously adopt

a variation of the form and dimensions of the mirrors

employed, so as to resemble those formerly used at the

Tour de Corduan, which were of considerably larger

surface and longer focal distance than those which are

used in Britain. If such a form were adopted, the power

of the light for the purpose of the distant range would

be increased ; and I would propose to compensate for the

deficiency of divergence consequent on a long focal

distance, by placing a second burner in some position

between the parameter and the vertex, and slightly ele-

vated above the axis of the instrument, so as to throw

the greater portion of the beam resulting from this

second burner below the horizontal plane of the focus.
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Such an expedient is no doubt somewhat clumsy, and

would at the same time involve the consumption of twice

the quantity of oil used in an ordinary catoptric light

;

hut I can still conceive it to be preferable, in certain

situations, to the use of lenses alone.

Thus it appears that we must not too absolutely con-

clude against one, or in favour of the other mode of

illumination for lighthouses ; but, as in every other de-

partment of the arts, we shall find the necessity of

patiently weighing all the circumstances of each parti-

cular case that comes before us, before selecting that

instrument, or combination of instruments, which ap-

pears most suitable.

The mode of distinguishing lights in the system of

Fresnel, depends more upon their magnitude and the

measured interval of the time of their revolution, than

upon their appearance ; and no other very marked dis-

tinctions, except Fixed and Revolving, have been suc-

cessfully attempted in France. As above stated, I con-

sider the distinction of the fixed light varied by flashes,

to possess an appearance too slightly differing from that

of a revolving light, to admit of its being safely adopted

in situations where revolving lights are near. The trial

which I made at the Little Ross, in the Solway Frith,

of producing, by means of lenses, a light flashing once

in five seconds of time, although successful so far as

mere distinction is concerned, has several practical de-

fects, arising from the shortness of the duration of the

flashes, compared with the powerful effect of the fixed

part of the apparatus, which I consider sufficient to pre-

vent its adoption in future, especially considering that
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a much more marked appearance can be produced by

means of reflectors, as has been done at the Buchanness

in Aberdeenshire, and the Bhinns of Islay in Argyll-

shire. Coloured media have never, so far as I know,

been applied to dioptric apparatus, except in the case

of the Maplin Light at the mouth of the Thames, and

Cromarty Point Light at the entrance to the Cromarty

Frith, Nosshead in Caithness, and Ship Rock of Sanda

in Argyleshire, but in all those instances successfully.

In the case of the fixed light at Sanda, in particular, I

would observe that it is well seen at the distance of 16

nautic miles, and occasionally observed even so far off

as 22 nautic miles. The enormous loss of light, how-

ever, amounting to no less than 0-80 of the whole inci-

dent rays, forms a great bar to the adoption of colour

as a distinction
; and any means which could tend to

lessen that absorption, and at the same time produce

the characteristic appearance, would be most valuable.

I have tried some glasses of a pink tinge, prepared

by M. Letourneau of Paris, in which the absorption

does not exceed 0-57 of the incident rays;* but the

appearance of the light, at a distance, is much less

marked than that produced by the glasses used in Bri-

tain.* Such deficiency of characteristic colour might

lead to serious consequences, as the transmission of

white rays, through a hazy atmosphere, too often pro-

duces, by absorption, a reddish tinge of the light, for

which the less marked appearance given by the paler

media might be easily mistaken. This colouring power

* See page 108 ,
Part I.
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of absorption is so well known, that red lights are sel-

dom used except in direct contrast with white ones

;

but, on a coast so thickly studded with lighthouses as

that of Britain, the number of distinctions is insufficient

to supply all our wants, so that we are sometimes reluc-

tantly compelled to adopt a single red light in some

situation of lesser importance, or which, from some local

circumstances and the appearance of the lights which

must be seen by the mariner before passing it, is not

likely to be mistaken for any other. The great loss of light

by coloured media causes the red beam, in a revolving

light, to be seen at a shorter distance than the white

;

and it is conceivable that, in certain circumstances,

this might lead the mariner to mistake a red and white

light for a white light revolving at half the velocity.

Such a mistake might perhaps prove dangerous ; but

the lights are generally so situated that there is ample

time for the mariner, after first discovering the red light,

and thus correcting any mistake, to shape his course

accordingly. All other.coloured media except red have

been found useless as distinctions for any lights of ex-

tensive range, and fail to be efficient, owing to the neces-

sity of absorbing almost all the light before a marked

appearance can be obtained. In a few pier or ferry

lights, green and blue media have been tried, and found

available at the distance of a few cables’ lengths.*

It seems to be a natural consequence of the physical

* In some late experiments which I made with very powerful

instruments, green lights were visible, in very clear weather, at

the distance of 7 miles. The blue could only once be seen, with

great difficulty, at 5 miles.
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distribution of light, that fixed lights, which illuminate

the whole horizon, should be less powerful than revolv-

ing lights which have their effect concentrated within

narrow sectors of the horizon. Any attempt to increase

the power of fixed lights is, therefore, worthy of atten-

tion
; and when the late Captain Basil Hall proposed a

plan for effecting this object, it received, as it deserved,

the full consideration of the Scotch Lighthouse Board,

who authorized me to repeat Captain Hall’s experi-

ments, and verify his results by observations made at a

considerable distance.

The familiar experiment of whirling a burning stick

quickly round the head, so as to produce a ribbon of

light, proves the possibility of causing a continuous im-

pression on the retina by intermittent images succeeding

each other with a certain rapidity. From the moderate

velocity at which this continuity of impression is ob-

tained, we should be warranted in concluding, a priori,

that the time required to make an impression on the re-

tina is considerably less than the. duration of the impres-

sion itself ; for the continuity of effect must, of course,

be caused by fresh impulses succeeding each other be-

fore the preceding ones have entirely faded. If it were

otherwise, and the time required to make the impression

were equal to the duration of the sensation, it would

obviously be impossible to obtain a series of impulses

so close or continuous in their effects as to run into and

overlap each other, and thus throw out the intervals of

darkness
; because the same velocity which would tend

to shorten the dark intervals, would also curtail the

bright flashes, and thus prevent their acting on the eye

long enough to cause an impression. Accordingly, we
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find that the duration of an impression is in reality

much greater than the time required for producing the

effect on the retina. It is stated by Professor Wheat-

stone, in the London Transactions for 1834, that only

about one millionth part of a second is required for

making a distinct impression on the eye
;
and it appears,

from a statement made by Lame, at p. 425 of his Cours

de Physique, that M. Plateau found that an impression

on the retina preserved its intensity unabated during

one hundredth of a second, so that, however small those

times may be in themselves, the one is yet 10,000

greater than the other.

It has been ascertained by direct experiment,* that

the eye can receive a fresh impression before the pre-

ceding one has faded ; and, indeed, if this were impos-

sible, absolute continuity of impression from any suc-

cession of impulses, however rapid, would seem to be

unattainable
; and the approach to perfect continuity

would be inversely as the time required to make an im-

pression.

From the property which bright bodies passing ra-

pidly before the eye possess of communicating a conti-

nuous impression to the sense of sight, the late Captain

Basil Hall conceived the idea, not merely of obtaining

all the effects of a fixed light, by causing a system of

lenses to revolve with such a vejocity as to produce a

continuous impression, but, at the same time, of obtain-

ing a much more brilliant appearance, by the compen-

sating influence of the bright flashes, which he expected

* Lam<S, Cours de Physique, p. 424. “ L’impression peut

subsister encore lorsque la suivante a lieu.”
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would produce impulses sufficiently powerful and du-

rable to make the deficiency of light in the dark spaces

almost imperceptible. The mean effect of the whole

series of changes would, he imagined, be thus greatly

superior to that which can be obtained from the same

quantity of light equally distributed, as in fixed lights,

over the whole horizon. Now this expectation, if it be

considered solely in reference to the physical distribution

of the light, involves various difficulties. The quantity of

light subjected to instrumental action is the same whe-

ther we employ the refracting zones at present used in

fixed dioptric lights, or attempt to obtain continuity of

effect by the rapid revolution of lenses
; and the only

difference in the action of those two arrangements is

this, that while the zones distribute the light equally

over the whole horizon, or rather do not interfere with

its natural horizontal distribution, the effect of the pro-

posed method is to collect the light into pencils, which

are made to revolve with such rapidity, that the im-

pression from each pencil succeeds the preceding one

in time to prevent a sensible occurrence of darkness.

To expect that the mean effect of the light, so applied,

should be greater than when it is left to its natural ho-

rizontal divergence, certainly appears at first to involve

something approaching to a contradiction of physical

laws. In both cases, the same quantity of light is acted

upon by the instrument ; and in either case, any one

observer will receive an impression similar and equal to

that received by any other stationed at a different part

of the horizon ; so that, unless we imagine that there is

some loss of light peculiar to one of the methods, we

are shut up, in the physical view of the question, to the
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conclusion, that the impressions received by each class

of observers must be of equal intensity. In other words,

the same quantity of light is by both methods employed

to convey a continuous impression to the senses of spec-

tators in every direction, and in both methods equality

of distribution is effected, since it does not at all consist

with our hypothesis, that any one observer in the same

class should receive more or less than his equal share

of the light. Then, as to the probability of the loss of

light, it seems natural to expect that this should occur

in connection with the revolving system, because the

velocity is an extraneous circumstance, by no means

necessary to an equal distribution of the light, which

can, as we already know, be more naturally, and at the

same time perfectly attained by the use of the zones.

On the other hand, it must not be forgotten, that al-

though the effect of both methods is to give each part

of the horizon an equal share of light, there is yet this

difference between them, that while the light from the

zones is equally intense at every instant of time, that

evolved by the rapidly-circulating lenses is constantly

passing through every phase between total darkness

and the brightest flash of the lens ; and this difference,

taken in connection with some curious physiological ob-

servations regarding the sensibility of the retina, gives

considerable countenance to the expectation on which

Captain Hall’s ingenious expedient is based. The fact

which has already been noticed, and which the beauti-

ful experiments of M. Plateau and Professor Wheat-

stone have of late rendered more precise, that the dura-

tion of an impression on the retina is not only appre-

ciable, but is much greater than the time required to
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cause it, seems to encourage us in expecting, that while

the velocity required to produce continuity of effect

would not he found so great as to interfere with the for-

'mation of a full impression, the duration of the impulse

from each flash would remain unaltered, and the dark

intervals which do not excite the retina would, at the

same time, be shortened ; and that, therefore, we might

in this manner obtain an effect on the senses exceed-

ing the brilliancy of a steady light distributed equally

in every direction by the ordinary method. Some per-

sons, indeed, who have speculated on this subject, seem

even to be of opinion, that, so far from the whole effect

of the series of continuous impressions being weakened

by a blending of the dark with the bright intervals, the

eye would ip reality be stimulated by the contrast of

light and darkness, so as thereby to receive a more

complete and durable impulse from the light. It is ob-

vious, however, that this question regarding the pro-

bable effect to be anticipated from a revolution so rapid

as to cause a continuous impression, could only have

been satisfactorily answered by an appeal to experiment.

In experimenting on this subject, I used the appara-

tus formerly employed by Captain Hall. It consisted

of an octagonal frame, which carried eight of the discs

that compose the central part of Fresnel’s compound

lens, and was susceptible of being revolved slowly or

quickly at pleasure, by means of a crank-handle and

some intermediate gearing. The experiments were

nearly identical with those made by Captain Hall, who

contrasted the effect of a single lens at rest, or moving

very slowly, with that produced by the eight lenses, re-

volving with such velocity as to cause an apparently
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continuous impression on the eye. To this experiment I

added that of comparing the beam thrown out by the

central portion of a cylindric refractor, such as is used

at the fixed light of the Isle of May, with the continu-

ous impression obtained by the rapid revolution of the

lenses. Captain Hall made all his comparisons at the

short distance of 100 yards; and, in order to obtain

some measure of the intensity, he viewed the lights

through plates of coloured glass until the luminous discs

became invisible to the eye. I repeated those experi-

ments at Gullan, under similar circumstances, but with

very different results. I shall not, however, enter upon

the discussion of those differences here, although they

are susceptible of explanation, and are corroborative of

the conclusions at which I arrived, by comparing the

lights from a distance of 14 miles ; but shall briefly no-

tice the more important results which were obtained by

the distant view. They are as follow :

—

1. The flash of the lens revolving slowly was very

much larger than that of the rapidly revolving series ;

and this decrease of size in the luminous object pre-

sented to the eye became more marked as the rate of

revolution was accelerated, so that, at the velocity of

eight or ten flashes in a second, the naked eye could

hardly detect it, and only a few of the observers saw it

;

while the steady light from the fixed refractor was dis-

tinctly visible.

2. There was also a marked falling off in the bril-

liancy of the rapid flashes as compared with that of the

slow ones ; but this effect was by no means so striking

as the. decrease of volume.

3. Continuity of impression was not attained at the
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rate of five flashes in a second, but each flash appeared

to be distinctly separated by an interval of darkness

;

and even when the nearest approach to continuity was

made, by the recurrence of eight or ten flashes in a

second, the light still presented a twinkling appearance,

which was well contrasted with the steady and unchang-

ing effect of the cylindric refractor.

4. The light of the cylindric refractor was, as already

stated, steady and unchanging, and of much larger

volume than the rapidly revolving flashes. It did not,

however, appear so brilliant as the flashes of the quickly

revolving lenses, more especially at the lower rate of

five flashes in a second.

5. When viewed through a telescope, the difference

of volume between the light of a cylindric refractor and

that produced by the lenses at their greatest velocity

was very striking. The former presented a large dif-

fuse object of inferior bx-illiancy, while the latter exhi-

bited a sharp pin-point of brilliant light.

Upon a careful consideration of these facts, it ap-

pears warrantable to draw the following general con-

clusions :—

•

1. That our expectations as to the effects of light,

when distributed according to the law of its natural hori-

zontal divergence, are supported by observed facts as to

the visibility of such lights, contrasted with those whose

continuity of effect is produced by collecting the whole

light into bright pencils, and causing them to revolve

with great velocity.

2. It appears that this deficiency of visibility seems

to be chiefly due to a want of volume in the luminous

object, and also, although in a less degree, to a loss of
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intensity, both of which defects appear to increase in

proportion as the motion of the luminous object is accel-

erated.

3. That this deficiency of volume is the most remark-

able optical phenomenon connected with the rapid motion

of luminous bodies, and that it appears to be directly

proportional to the velocity of their passage over the

eye.

4. That there is reason to suspect that the visibility

of distant light depends on the volume of the impression

in a greater degree than has perhaps been generally

imagined.

5. That, as the size and intensity of the radiants

causing these various impressions to a distant observer

were the same, the volume of the light, and, consequently,

cceteris paribus, its visibility, are, within certain limits,

proportionate to the time during which the object is

present to the eye.

Such appear to be the general conclusions which

those experiments warrant us in drawing ; and the prac-

tical result, in so far as lighthouses are concerned, is

sufficient to discourage us from attempting to improve

the visibility of fixed lights in the manner proposed by

Captain Hall, even supposing the practical difficulties

connected with the great centrifugal force generated by

the rapid revolution of the lenses to be less than they

really are.

The decrease in the volume of the luminous object

caused by the rapid motion of the lights is interesting,

from its apparent connection with the curious pheno-

menon of irradiation. When luminous bodies, such as
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the lights of distant lamps, are seen by night, they ap-

pear much larger than they would do by day ; and this

effect is said to be produced by irradiation. M. Plateau,

in his elaborate essay on this subject, after a careful

examination of all the theories of irradiation, states it

to be his opinion, that the most probable mode of ac-

counting for the various observed phenomena of irradi-

ation is to suppose, that, in the case of a night-view,

the excitement caused by light is propagated over the

retina beyond the limits of the day-image of the object,

owing to the increased stimulus produced by the con-

trast of light and darkness ; and he also lays it down as

a law, confirmed by numerous experiments, that irradi-

ation increases with the duration of the observation. It

appears, therefore, not unreasonable to conjecture, that

the deficiency of volume observed during the rapid revo-

lution of the lenses may have been caused by the light

being present to the eye so short a time, that the retina

was not stimulated in a degree sufficient to produce the

amount of irradiation required for causing a large visual

object. When, indeed, the statement of M. Plateau,

that irradiation is proportional to the duration of the

observation, is taken in connection with the observed

fact, that the volume of the light decreased as the mo-

tion of the lenses was accelerated, it seems almost im-

possible to avoid connecting together the two phenomena

as cause and effect.

Before leaving this part of the subject, I will call at-

tention to some late plans for combining dioptric and ca-

toptric apparatus, the object of which is to subject to the

corrective action of instruments, a greater proportion of
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the luminous sphere than it has yet been found practi-

cable to do, especially in revolving lights. Reflectors act

chiefly on the posterior portion of the flame, and gene-

rally receive about jfths of the whole luminous sphere ;

while a series of dioptric instruments can only affect an

anterior zone, amounting to about fths of the whole

light which is emitted by the lamp. Certain deductions

due to the form of the lower part of the burners, and

to the loss of light at reflection, which is not less than

one-half of the incident light, as well as to that, by re-

fraction, through the lens (which, however, cannot ex-

ceed one-tenth of the incident light), will reduce those

numbers from f f ths to fd, and from fths to fVths, thus

making the ratio of the proportion of the whole flame ac-

tuallygivenforth by the reflectors to the amount by lenses

equal to that of 10 to 9. In fixed lights, on Fresnel’s

system, we have already seen that nearly the whole of

the available light is turned to a useful purpose, by

means of the curved mirrors or catadioptric zones, which

are added to increase the effect of the central dioptric

belt
;
and, in revolving lights, an approximation to a

similar result is obtained by the addition of the dia-ca-

toptric combination of pyramidal lenses and plane mir-

rors, placed above the great lenses. Catoptric lights,

however, to which such auxiliary arrangements are inap-

plicable, had still the great disadvantage of leaving the

anterior cone of light to pass off in the useless state of

naturally divergent light
; and any thing calculated to

increase the power of that class of lights, without altering

that simplicity and security of the burners employed in

them,which renders them so suitablefor remote situations
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in the colonies, deserves careful attention. It will be

remembered that the proposal of Mr Barlow for effecting

this object, has already been noticed
;
and it is needless

now to do more than remind the reader, that the prac-

tical disadvantage of the great aberration in the path

of the rays reflected from the subsidiary hemispherical

mirror, which must necessarily be of very small dimen-

sions, together with the great loss of light by the second

reflection, must go far to neutralize the effect of Mr Bar-

low’s plan. A combination of dioptric and catoptric in-

struments, intended to produce a similar effect, has been

proposed by Mr Alexander Gordon, and is described at

page 385 of the tenth volume of the Civil Engineers'

and Architects' Journal. It consists of a paraboloidal

mirror, of a very short focal distance, with some of the

outer zones of one of Fresnel’s smaller lenses in front

of it. The zones are intended to refract some of the rays

that escape past the edges of the mirror, while the pencil

of light reflected from the mirror itself is supposed to

pass through the circular space which is generally occu-

pied by the Central portion of the lens. This arrange-

ment is a step in the right direction, only in so far as

it implies the union of the two modes of illumination
;

but, as it is by no means skilfully designed, it is liable

to several palpable objections.

1stly. The actual gain of light has been greatly over-

rated by the writer in the Journal, who expects to turn

f£ths of the whole light to a useful account
;
but so great

a gain of light can never consist with the form and posi-

tion of the lower part of the flame.

‘Idly, Upwards of f fths of the estimated quantity
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would be intercepted by the paraboloid alone, and little

more than ^ths by the rings of the lens, an addition far

too insignificant to warrant the adoption of so expensive

an appendage to the reflector.

3dly, The great aberration of the rays reflected by

the conoid behind the parameter, and its small reflect-

ing surface, must render it practically useless ; and, per-

haps, nearly one-half of the whole light would thus be

lost to the mariner. The accurate formation of a para-

boloid of such depth would also be difficult ; and, consi-

dering the practical inutility of the conoid behind the

parameter, would seem to be a misapplication of labour.

4thhj. The union of such an instrument with the len-

ticular zones in front, which require that the pencil of

parallel rays should be reflected with the greatest accu-

racy, so as to enable them to pass through the circular

space bounded by the zones, is an obvious misapplication

of a paraboloid with a short focal distance, to a purpose

for which it is singularly unsuitable.

bthly, Mirrors somewhat of the same form were in use

at Scilly Lighthouse, and were long ago discarded as

disadvantageous, at the suggestion of the late eminent

Captain Huddart.

6thly, The outer zones, which form the least efficient,

and at the same time the most expensive portion of the

compound lens have been preferred to the central portion

of that instrument
;
and by this means the anterior cone

of rays is at the same time lost.

There can be little doubt that it is by the union of

reflection and refraction alone, that any thing like an

approach to a complete application of the whole light

can be reasonably expected ; and it was this considera-
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tion which led me, in 1834, to suggest the addition of

spherical mirrors to dioptric lights, which illuminate

only one-half of the horizon.

The various forms of apparatus proposed by Mr
Thomas Stevenson for increasing the power of reflec-

tors, and for otherwise improving revolving lights with

moderately-sized burners, accordingly agree in employ-

ing both modes; and, while they are free from theore-

tical objections, they, at the same time, subject the

whole of the available light to the corrective action of

the instrument. From this common property they have

been called Ilolophotal,* although differing widely in

the nature of their action and the amount of light trans-

mitted by them.

In the first arrangement, which is shewn in figs. 91

and 92 (of which the first is a section, in the line of the

axis, and the latter is a front view), the flame is supposed

Fig. 91. Fig. 92.

to be divided into three parts, whereof the anterior cone

is made parallel by the lens at e ; and the remaining zone,

* o“Xoj, entire

—

tpaig, light.
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by the paraboloidal surfaces between n o and pp

;

while

the posterior hemisphere is received on the hemispherical

mirror n m o, and by it sent back through the focus /,

whence, passing onward, it is in part refracted by the

lens e, and in part reflected by the paraboloidal surfaces

between n o and pp, and thus finally emerges horizon-

tally, in union with the light from the anterior hemi-

sphere. The hemispherical mirror, of course, occupies

the place of the parabolic conoid which is cut off behind

the parameter ; and its dimensions may be increased at

pleasure, so as to reduce the aberration of the reflected

rays. It applies equally to fixed as to revolving lights,

its object being in both cases the same, viz., to reas-

semble the posterior hemisphere of rays in the focus /.

In generating the apparatus for the revolving light,

the section, at fig. 91, is supposed to revolve round the

horizontal axis efm \ but, for fixed lights, the apparatus

is generated by the revolution of the parabola in a

horizontal path round a vertical axis in the parameter

nfo, as in the case of M. Bordier Marcet’s harbour

light (see page 1 14, Part I.), while the section of the

lens also revolves round the same vertical axis, and thus

generates the dioptric belt of Fresnel’s catadioptric ap-

paratus (see page 42, Part II.).

Figs. 93 and 94 exhibit the fixed light apparatus—the

one diagram shewing a central section, and the other a

front view. In those figures (which are on the next page)

/ is the common focus ; e the refracting belt
; p p, the

parabolic surfaces ; n m o, the hemispherical mirror
;

and s s, the struts for supporting and stiffening the re-

flecting plates pp.
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Fig. 93.

s

Secondly, There is another combination, which is only

applicable to revolving lights, consisting of a hemi-

spherical mirror and a lens, as in the first case, with

totally reflecting zones between them, instead of the
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paraboloidal surfaces. The zones have the same cross-

sections as those of Fresnel’s small catadioptric appara-

tus
; but, in generating the new zones, the section is sup-

posed to revolve round an horizontal instead of a vertical

axis, which, of course, passes through the focus. In this

manner the zones lie in parallel planes at right angles

to those of the zones in Fresnel’s apparatus, which

are horizontal. This arrangement is shewn in figures

95 and 96, in which / is the common focus of the sys-

tem ; m, the hemispherical mirror ; and z z ,
the totally

reflecting zones. The distinguishing peculiarity of this

arrangement is, that the catadioptric zones, instead of

transmitting the light in parallel horizontal plates, as in

Fig. 95. Fig. 96.

Fresnel’s apparatus, produce, as it were, an extension

of the lenticular or quaquaversal action of the central

lens, by assembling the light around its axis / (fig. 96),

in the form of concentric hollow cylinders z z.

In so far as photometrical results have been obtained,

there is reason to anticipate that an increase of 50 per

cent, above the light derived from the common para-

G
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bolo'idal mirror will result from the holophotal construc-

tion.

The last arrangement consists of replacing the hemi-

spherical reflector of metal or silvered glass, shewn at m,

in figure 95, by means of a polyzonal hemisphere, each

concentric zone of which has a catadioptric action, like

that which is exerted upon rays falling at right angles on

the longest side of a right-angled triangular prism. The

effect of this arrangement will be best understood by ex-

amining fig. 97, which represents the cross-section of a

single concentric zone. The first or inner surface of each

zone being concave, and having its centre in the focus F,

will, theoretically speaking, receive any ray F e as a nor-

mal at e, and, no refraction taking place, the ray will pro-

Fig. 97.

ceed unaltered in its direction from e to r

;

at this point

it will be totally reflected in the direction rr', whence it

will be a second time totally reflected in the direction

r' e'

;

at which latter point e', it is also normal to the

inner surface, and consequently proceeds unchanged in

its path, thus finally returning to the common focus at

F. The cross-sections CA and AB of the outer sur-

faces of each zone are, strictly speaking, portions of

parabolas facing each other, meeting at the apex A at
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right angles, and also having their common focus in

F, the centre of the hemisphere. In this manner, as

already explained, a ray proceeding from the focus falls

on the concave or first surface, enters without refrac-

tion, is totally reflected at the second surface in a direc-

tion tangential to the sphere at the apex of each zone,

and passing on, is again reflected at the third surface,

and finally emerges from the opposite end of the inner

or concave surface without refraction ; whence, passing

on through the centre of the hemisphere, it becomes a

portion of the anterior cone of rays, and being refracted

through the lens L, or reflected by the catadioptric rings

C, C, C, C (see fig. 98), finally emerges in the paths shewn

by the arrows, and adds its power to the effect of the

Fig. 98.

pencil of rays It, It, It. The union of several of those

right-angled zones, arranged in a concentric manner

around the horizontal axis of the lens L (fig. 98),

completes the hemisphere A, A, A. The central piece,

however, will be a species of conoid, having the radius

of its base equal to the semichord of its inner sur-

face. Not only would the action of this hemisphere

be much more perfect than that of silvered mirrors
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or metallic reflectors, by which so much light is ab-

sorbed, but it would, moreover, possess the advantage

of being less perishable in its polish. The difficulty

of grinding the convex faces in a parabolic form might

be avoided by using the radius of the circle which oscu-

lates the parabolic segment, or by drawing tangents,

as in the case of the larger zones, to the curve at A and

at B or C (fig. 97) and then tracing the curve from the

intersection of the normals. It is obvious that the work

will be one of considerable nicety, as the angle of inci-

dence for the rays is confined within very narrow limits ;

for while, at the apex A, it does not exceed 45°, it must

not, at the points B and C, be less, when crown-glass is

used, than 41° 49'. This would diminish the width of

each ring and increase the number required to com-

plete a hemisphere. The adoption of flint-glass would,

therefore, be most desirable, as helping to extend the

limits within which total reflection might take place,

and thus reducing the number of the zones in the hemi-

sphere, and eventually lessening the expense ; and a

hemisphere about four feet in diameter, composed of

seven zones and a central conoid, might perhaps be found

suitable for lights of the first order. I would propose

that the junction of the contiguous rings should be

formed by means of small copper-dowells or joggles,

resting in niches cut in either ring
; and the margin of

the rings at the points B and C (fig. 97), instead of

being accuminated, should be ground in the form of nar-

row convex and concave bands, similar to those on the

rings of the annular lenses, and so inclined as to be

frusta of cones meeting in the centre of the hemisphere.
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VARIOUS GENERAL CONSIDERATIONS CONNECTED

WITH LIGHTHOUSES.

In the course of supplying the numerous wants of

navigation, it will often be found necessary to cut off,

on a given bearing, the beam proceeding from a light-

house, as a guide to the seaman to avoid some shoal, or

as a hint to put about and seek the opposite side of a

channel. This is attended with some little practical

difficulty, especially in lights from reflectors arranged

externally on a circle, because a certain portion of light,

chiefly due to the divergence caused by the size of the

flames, and partly to the diffraction or inflection of the

light, spreads faintly over a narrow sector between the

light arc and the dark one. It becomes necessary, of

course, to make allowance for this penumbral arc by

increasing the masked portion of the lantern
;

and,

where a very sharp line of demarcation is required, a

board is sometimes placed on the outside of the light-

room, in such a position, and of such length, that while

it does not enter the boundaries of the luminous sector,

it prevents the more powerful part of the penumbral

beam from reaching the observer’s eye. This effect is,

of course, more conveniently produced, where the cir-

cumstances admit of its adoption, by distributing the

reflectors round the concave side of the lantern, towards
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the land
;
hut such an arrangement is inapplicable when

the illuminated sector exceeds the dark one. I have

found, by observation, that the sector intercepted be-

tween the azimuth on which the lantern is masked, and

that on which total darkness is produced to an observer,

at moderate distances, may be estimated at not less than

3° for dioptric, and 7° for catoptric lights of the highest

class.*

Those quantities may therefore serve to guide the

lighthouse engineer to approximate more rapidly to his

object, as he will generally be safe in increasing the

dark sector, by one or other of the above constants

according to the kind of apparatus employed. I need

not add, that in a matter of this kind, a final appeal to

actual observation is, in all cases, indispensable.

A few words on the subject of double lights, naturally

spring out of what has been said about the masking of

lights. The term double lights is properly and dis-

tinctly confined to lights on different levels, but not

necessarily (as leading-lights are) in separate towers.

The sole object of using double lights is for distinction

* The method which I adopted for determining those quantities,

was to mask a certain portion of the lantern of a lighthouse sub-

tending an horizontal sector of about 30° or 40°, and at night to

fix, by actual observation, at the distance of 5 or 6 miles, two

points on the coast between which the light so masked was

obscured. The angle included between the lines joining those

points and the centre of the lantern was then determined by

triangulation next day, and half the difference between the ob-

served angle (which is always the lesser of the two) and the com-

puted subtense of the masked sector of the lantern is, in each

case, the amount of the allowance stated in the text.
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from neighbouring lights ; and they are unquestionably

most effective in this respect, when they are placed in

the same tower, and when the lower lantern is arranged

in the form of a gallery around the outside of the tower,

as at Girdleness in Aberdeenshire. In this point of

view, therefore, I shall speak of them
;
and it is obvious

that the principal object to be attained is, that the dif-

ference of level between them shall be sufficiently great

to present the lights, as separate objects to the eye of

the seaman, when at the most distant point whence it

is desirable that he should be able to recognise their cha-

racteristic appearance. In many cases it is not neces-

sary (but it is certainly always desirable) that the lights

should, from the first moment of their being seen, be

known as double lights ; but in others, it may ivell con-

sist with safety, that two lights, which appear as a single

light when first seen at the distance of 20 miles, shall at

15 or 10 miles’ distance be discovered to be double. Now
we should at first be apt hastily to imagine, that all that

is required to produce that effect is, to raise the one

light above the other to such an extent, that the dis-

tance between them shall be somewhat more than a

minimum visibile at the most distant point of obser-

vation ; or, in other words, that the difference of the

height of the lights should be such as to subtend to the

eye at the point of observation, an angle greater than

13"-02, which is the subtense of a minimum visibile dur-

ing the day.* But the effect of irradiation, to which I

* This quantity is deduced from observations made by my friend

Mr James Gardner, while engaged on the Ordnance Survey, and
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have already alluded, tends to blend together the images

of the lights long before their distance apart has become

so low a fraction of the observer’s distance from the

lighthouse, as to subtend so small an angle
;
and I have

accordingly found by experiments, conducted under

various circumstances, and at various distances, that

repeated observations gave me 3' 18" as the mean of

the subtenses calculated in reference to the distances at

which the lights began to be blended into one.

Adopting this as the smallest angle which the two

lights should subtend at the observer’s eye, we may

find the least vertical distance between them, which will

cause them to appear as separate objects, by the follow-

ing formula :

—

H= 2a . tan 6

in which A is the observer’s distance in feet; 6, half

the subtense, = 1' 39"
; and H the required height of

the tower between the two lights in feet. The follow-

ing Table gives the height in feet corresponding to the

distance in nautic miles, from 1 to 20 inclusive : the

heights, which are the bases of similar isosceles tri-

angles, increase, of course, in an arithmetical series

;

may be regarded as the extreme limit of visibility, under the

most favourable circumstances as to the state of the atmosphere

and also the contrast of colours. The observed object, also, was

a pole, not a round disc ;
and it is familiar to every one accus-

tomed to view distant objects, that vertical length is an important

constituent in their visibility.
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Distanceof the

observer in

Nautic Miles.

<

Vertical distance

in feet between
the Lights.

1

Distanceof the

observer in

Nautic Miles.

'

Vertical distance

in feet between
the Lights.

1 602 11 66*22

2 12-04 12 72*24

3 1806 13
.

78-26

4 24-08 14 84-28

5 30-10 15 9030

6 36-12 16 96-32

7 42*14 17 102-34

8 48-16 t—t oo 108-36

9 54-18 19 114-38

10 60-20 20 120-40
'

1

Akin to the subject of Double Lights, is that of Lead-

ing Lights, the object of which is to indicate to the

mariner a given line of direction by their being seen in

one line. In most instances, this line of direction is

used to point out the central part of a narrow channel

;

and the alternate opening of the lights, on either side of

their conjunction, serves to indicate to the mariner (who

ought to conjoin with his watching of the lights the ob-

servation of the elapsed time and also frequent sound-

ings) the proper moment for changing his tack. In some

places, the line of conjunction of the lights is placed

nearer to one side of a channel than the other, according

as the set of the tides, or the position of shoals, may seem

to require. In other situations, this line only serves as a

cross-bearing to shew the mariner his approach to some

g 2
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danger, or to indicate his having passed it, and thus to

assure him of his entry on wider sea-room. Considera-

tions, similar to those which determine the difference of

elevation for double lights, regulate the choice of the

distance between two leading lights ; but the question

is less narrow, and may be generally solved graphically,

by simply drawing the lines on an accurate chart of the

locality. In some’few situations, the configuration of the

coast does not admit of a separation between the lights,

sufficient to cause what is called a sharp intersection ;

but, in most cases, there is room enough to place them

so far apart, that but a few yards of deviation in the

vessel’s course, from the exact line of the conjunction of

the lights in one, produces a distinct opening between

them on the opposite side of that line. In order to

insure the requisite sharpness of intersection, the dis-

tance between the lights, wherever attainable, should be

not less than one-sixth of the distance between the more

seaward of the two towers and that point at which the

seaman begins to use the line of conjunction as his

guide. I have only to add, that, in situations where the

land prevents a considerable separation between leading

lights, they should be placed as nearly on one level as

is consistent with their being seen as vertically sepa-

rated, so as, in some measure, to compensate for their

horizontal nearness, by rendering their intersection

more sharp and striking than it can be where the obser-

ver must draw from the upper light an imaginary per-

pendicular in his mind, and then estimate the separa-

tion of the lights by the sine of an angle, which de-
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creases as the difference of their apparent elevations

increases.

The considerations which enter into the choice of the

position and character of the lights on a line of coast,

are either, on the one hand, so simple and self-evident

as scarcely to admit of being stated in a general form,

without becoming mere truisms
;
or are, on the other

hand, so very numerous, and often so complicated, as

scarcely to be susceptible of compression into any gene-

ral laws. I shall not, therefore, do more than very

briefly allude to a few of the chief considerations which

should guide us in tl\e selection of the sites and charac-

teristic appearance of the lighthouses to be placed on a

line of coast. Perhaps those views may be most con-

veniently stated in the form of distinct propositions :

—

1. The most prominent points of a line of coast, or

those first made on oversea voyages, should be first

lighted
; and the most powerful lights should be adapted

to them, so that they may be discovered by the mariner

as long as possible before his reaching land.

2. So far as is consistent with a due attention to

distinction, revolving lights of some description, which

are necessarily more powerful than fixed lights, should

be employed at the outposts on a line of coast.

3. Lights of precisely identical character and appear-

ance should not, if possible, occur within a less distance

than 100 miles of each other on the same line of coast,

which is made by over-sea vessels.

4. In all cases, the distinction of colour should never

be adopted except from absolute necessity.
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5. Fixed lights, and others of less power, may be more

readily adopted in narrow seas, because the range of

the lights in such situations is generally less than that

of open sea-lights.

6. In narrow seas also, the distance between lights of

the same appearance may often be safely reduced within

much lower limits than is desirable for the greater sea-

lights. Thus there are many instances in which the

distance separating lights of the same character need

not exceed 50 miles
;
and peculiar cases occur in which

even a much less separation between similar lights may

be sufficient.

7. Lights intended to guard vessels from reefs, shoals,

or other dangers, should, in every case where it is prac-

ticable, be placed seaward of the danger itself, as it is

desirable that seamen be enabled to make the lights

with confidence.

8. Views of economy in the first cost of a lighthouse

should never be permitted to interfere with placing it

in the best possible position
; and, when funds are defi-

cient, it will generally be found that the wise course

is to delay the work until a sum shall have been ob-

tained sufficient for the erection of the lighthouse on the

best site.

9. The elevation of the lantern above the sea should

not, if possible, for sea-lights, exceed 200 feet; and

about 150 feet is sufficient, under almost any circum-

stances, to give the range which is required. Lights

placed on high headlands are subject to be frequently

wrapped in fog, and are often thereby rendered useless,

at times when lights on a lower level might be perfectly
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efficient. But this rule must not, and indeed cannot,

be strictly followed, especially on the British coast,

where there are so many projecting cliffs, which, while

they subject the lights placed on them to occasional

obscuration by fog, would also entirely and permanently

hide from view lights placed on the lower land adjoin-

ing them. In such cases, all that can be done is care-

fully to weigh all the circumstances of the locality, and

choose that site for the lighthouse which seems to afford

the greatest balance of advantage to navigation. As

might be expected, in questions of this kind, the opinions

of the most experienced persons are often very con-

flicting, according to the value which is set on the vari-

ous elements which enter into the inquiry.

10. The best position for a sea-light ought rarely to

be neglected for the sake of the more immediate benefit

of some neighbouring port, however important or influ-

ential
;
and the interests of navigation, as well as the

true welfare of the port itself, will generally be much

better served by placing the sealight where it ought to

he, and adding, on a smaller scale, such subsidiary

lights as the channel leading to the entrance of the port

may require.

11. It may be held as a general maxim, that the

fewer lights that can be employed in the illumination of

a coast the better, not only on the score of economy,

but also of real efficiency. Every light needlessly erected

may, in certain circumstances, become a source of con-

fusion to the mariner
; and, in the event of another light

being required in the neighbourhood, it becomes a de-

duction from the means of distinguishing it from the

lights which existed previous to its establishment. By
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the needless erection of a new lighthouse, therefore, we
not only expend public treasure, but waste the means of

distinction among the neighbouring lights.

12. Distinctions of lights, founded upon the minute

estimation of intervals of time between flashes, and

especially on the measurement of the duration of light

and dark periods, are less satisfactory to the great ma-

jority of coasting seamen, and are more liable to derange-

ment by atmospheric changes, than those distinctions

which are founded on what may more properly be called

the characteristic appearance of the lights, in which

the times for the recurrence of certain appearances differ

so widely from each other as not to require for their

detection any very minute observation in a stormy

night. Thus, for example, flashing lights of five seconds’

interval, and revolving lights of half a minute, one

minute, and two minutes, are much more characteristic

than those which are distinguished from each other by

intervals varying according to a slower series of 5", 10",

20", 40", &c.

13. Harbour and local lights, which have a circum-

scribed range, should generally be fixed instead of

revolving; and may often, for the same reason, be

safely distinguished by coloured media. In many cases

also, where they are to serve as guides into a narrow

channel, the leading lights which are used should, at the

same time, be so arranged as to serve for a distinction

from any neighbouring lights.

14. Floating lights, which are very expensive and

more or less uncertain, from their liability to drift from

their moorings, as well as defective in power, should

never be employed to indicate a turning-point in a navi-
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gation in any situation where the conjunction of lights

on the shore can he applied at any reasonable expense.

The spheroidal form of the earth requires that the

height of a lighthouse tower should increase proportion-

ally to the difference between the earth’s radius and the

secant of the angle intercepted between the normal to

the spheroid at the lighthouse and the normal at the

point of the light’s occultation from the view of a dis-

tant observer. The effect of atmospheric refraction,

however, is too considerable to be neglected in estimat-

ing the range of a light, or in computing the height of

a tower which is required to give to any light a given

range ; and we must, therefore, in accordance with the

influence of this element, on the one hand increase the

range due to any given height, and vice versa reduce

the height required for any given range, which a simple

consideration of the form of the globe would assign. In

ascertaining this height, we may proceed as follows :

—

Referring to the accompanying figure (No. 99), in

Pig. 99.
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which S' d L' is a segment of the ocean’s surface, 0 the

centre of the earth, L'L a lighthouse, and S the position

of the mariner’s eye, we obtain the value of LL'= H',

the height of the tower in feet by the formula,

H'=~ (1.)

in which Z=the distance in English miles L' d at which

the light would strike the ocean’s surface. We then

reduce this value of H' by the correction for mean

refraction, which permits the light to be seen at a

2 P
greater distance, and which= (2.)

ZL

Q , . Tt 2 Z
2 2 P 4 Z

2

So as to get, H=-g— -— = (3.)

an expression which at once gives the height of the

tower required, if the eye of the mariner were just on

the surface of the water at d, where the tangent between

his eye at S and the light at L would touch the sea.

We must, therefore, in the first instance, find the dis-

tance dS=l', which is the radius of the visible horizon

due to the height SS'= /i of his eye above the water, and

is, of course, at once obtained conversely by the expres-

sion :

—

v_VTh

Deducting this distance from SL, the whole effective

range of the light, we have L d= l, and operating with

this value in the former equation,
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we find the height of the tower which answers the con-

ditions of the case.
1

* From the above data the follow-

ing Table has been computed.

H x X' H. X X'
i

11

""

X
1

X'

Heights

in Feet.

1

Lengths
in

English

Miles.

Lengths
in

Nautical

Miles.

Heights

in Feet.

Lengths
in

English

Miles.

Lengths

in

Nautical

Miles.

Heights

in Feet.

Lengths

in

English

Miles.

Length?
in

Nautical

Miles.

5 2958 2-565 70 11067 9-598 250 20-916 18-14

10 4-184 3-628 75 11-456 9-935 300 22-912 19-87

15 5-123 4-443 80 11-832 10-26 350 24-748 21-46

20 5-916 5*130 85 12 196 10-57 400 26-457 22-94

25 6614 5-736 90 12-549 10-88 450 28*062 24-33

30 7-245 6-283 95 12-893 11-18 500 29-580 25-65

35 7-826 6-787 100 13-228 11-47 550 31-024 26-90

40 8-366 7-255
1

no 13-874 1203 600 32-403 28*10

45 8-874 7-696 120 14-490 12-56 650 33-726 29-25

50 9-354 8-112 130 15-083 13-08 700 35-000 30-28

55 9-811 8-509 140 15-652 13-57 800 37-416 32-45

60 10-246 8-886 150 17-201 14*91 900 39-836 34*54

65 10-665 9-249 200 18-708 16-22 1000 41*833 36-28
(

If the distance at which a light of given height can

* In the above expressions l and l' are given in English miles,

which in Scotland may he considered as bearing to nautical miles

the ratio of 5280 to 6088. In order to convert a distance given

in nautical miles to English miles, all that is needful is to add

the log of the number of nautical miles to log 5280, and subtract

log 6088.
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be seen by a person on a given level be required, it is

only needful to add together the two numbers in the

column of lengths X or X' (according as Nautical or

English miles may be sought), corresponding to those in

the column of heights H, which represent respectively

the height of the observer’s eye and the height of the

lantern above the sea. When the height required to

render a light visible at a given distance is required,

we must seek first for the number in X or X' correspond-

ing to the height of the observer’s eye, and deduct this

from the whole proposed range of the light, and opposite

the remainder in X or X' seek for the corresponding

number in H.

A considerable practical defect in all the lighthouse

lanterns which I have ever seen, with the exception of

those recently constructed for the Scotch lighthouses,

consists in the vertical direction of the astragals, which,

of course, tend to intercept the whole or a great part of

the light in the azimuth which they subtend.* The

consideration of the improvement which I had effected

in giving a diagonal direction to the joints of the fixed

refractors (see page 46, Part II.), first led me to adopt

a diagonal arrangement of the framework which carries

the cupola of zones, and afterwards for the astragals of

the lantern. Not only is this direction of the astra-

gals more advantageous for equalizing the effect of the

light
;
but the greater stiffness and strength which such

an arrangement gives to the framework of the lantern,

* I must also except the small pier light at Kirkcaldy, erected

(I believe in 1836) by my friend Mr Edward Sang.
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make it safe to use more slender bars, and thus also

absolutely less light is intercepted. The panes of glass

at the same time become triangular, and are necessarily

stronger than rectangular panes of equal surface. This

form of lantern is extremely light and elegant, and is

shewn, with detailed drawings of some of its principal

parts, in Plate X. To avoid the necessity of paint-

ing, which, in situations so exposed as those which light-

houses generally occupy, is attended with many incon-

veniences and no small risk, the framework of the lan-

tern is now formed of gun-metal and the dome is of

copper. A lantern for a light of the first order, 12 feet

in diameter, and with glass frames 10 feet high, costs,

when glazed, about £1260. In order to give the light-

keepers free access to cleanse and wash the upper panes

of the lantern (an operation which in snowy weather

must sometimes be frequently repeated during the night),

a narrow gangway, on which they may safely stand, is

placed on the level of the top of the lower panes, and at

the top of the second panes, rings are provided of which

the lightkeepers may lay hold for security in stormy

weather. A light trap-ladder is also attached to the out-

side of the lantern by means of which there is an easy

access to the ventilator on the dome.

Great care is bestowed on the glazing of the lantern,

in order that it may be quite impervious to water, even

during the heaviest gales. When iron is used for the

frames, they are carefully and frequently painted ;
but

gun-metal, as just noticed, is now generally used in the

Scotch lighthouses. There is great risk of the glass
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plates being broken by the shaking of the lantern during

high winds ; and as much as possible to prevent this,

various precautions are adopted. The arris of each

plate is always carefully rounded by grinding ; and

grooves about £ inch wide, capable of holding a good

thickness of putty, are provided in the astragals for

receiving the glass, which is £ inch thick. Small pieces

of lead or wood are inserted between the frames and the

plates of glass against which they may press, and by

which they are completely separated from the more

unyielding material of which the lantern-frames are

composed. Panes glazed in frames padded with cushions,

and capable of being temporarily fixed in a few minutes,

in the room of a broken plate, are kept ready for use in

the store-room. Those framed plates are called storm-

panes, and have been found very useful on several occa-

sions, when the glass has been shattered by large sea-

birds coming against it in a stormy night, or by small

stones violently driven against the lantern by the force

of the wind.

The ventilation of the lanterns forms a most important

element in the preservation of a good and efficient light.

An ill-ventilated lantern has its sides continually covered

with the water of condensation, which is produced by

the contact of the ascending current of heated air
;
and

the glass, thus obscured, obstructs the passage of the

rays and diminishes the power of the light. In the

Northern Lighthouses, ventilators, capable of being

opened and shut at pleasure, so as to admit from with-

out a supply of air when required, are provided in the
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parapet-wall on which the lantern stands ; the lantern

roof also is surmounted by a cover which, while it closes

the top of an open cylindric tube against the entrance

of rain, and descends over it only so far as is needful

for that purpose, still leaves an open air-space between

it and the dome. This arrangement permits the current

of heated air, which is continually flowing from the

lantern through the cylindric tube, to pass between it

and the outer cover, from which it finally escapes to the

open air through the space between the cover and the

dome. The door which communicates from the light-

room through the parapet to the balcony outside, is also

made the means of ventilating the lightroom
;
and, for

that purpose, it is provided with a sliding bolt at the

bottom, which, being dropped into one or other of the

holes cut in the balcony for its reception, serves to keep

the door open at any angle that may be found neces-

sary. A useful precaution was introduced by my prede-

cessor, as Engineer to the Northern Lights Hoard, in

order to prevent the too rapid condensation of heated

air on the large internal surface of the lantern roof,

.which consists in having two domes with an air-space

between them, as shewn in the enlarged diagrams in

Plate X.

An important improvement in the ventilation of light-

houses was, some years ago, introduced by Dr Faraday

into several of the lighthouses belonging to the Trinity

House, and has since been adopted in all the dioptric

lights belonging to the Commissioners of Northern

Lighthouses. After mentioning several proofs of ex-
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tremely bad ventilation in lighthouses, Dr Faraday thus

describes his apparatus :*

“ The ventilating pipe or chimney is a copper tube,

4 inches in diameter, not, however, in^ one length, but

divided into three or four pieces ; the lower end of each

of these pieces for about l£ inch is opened out into ' a

conical form, about 5£ inches in diameter at the lowest

part. When the chimney is put together, the upper end

of the bottom piece is inserted about £ inch into the cone

of the next piece above, and fixed there by three ties or

pins, so that the two pieces are firmly held together

;

but there is still plenty of air-way or entrance into the

chimney between them. The same arrangement holds

good with each succeeding piece. When the ventilating

chimney is fixed in its place, it is adjusted so that the

lamp-chimney enters about i inch into the lower cone,

and the top of the ventilating chimney enters into the

cowl or head of the lantern.

“ With this arrangement, it is found that the action

of the ventilating flue is to carry up every portion of

the products of combustion into the cowl
;
none passes

by the cone apertures out of the flue into the air of the

lantern, but a portion of the air passes from the lantern

by these apertures into the flue, and so the lantern itself

is in some degree ventilated.

“ The important use of these cone apertures is, that

when a sudden gust or eddy of wind strikes into the

cowl of the lantern, it should not have any effect in dis-

turbing or altering the flame. It is found that the wind

* Minutes of Institution of Civil Engineers, vol. i., p. 207.
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may blow suddenly in at the cowl, and the effect never

reaches the lamp. The upper, or the second, or the

third, or even the fourth portion of the ventilating flue

might be entirely closed, yet without altering the flame.

The cone junctions in no way interfere with the tube in

carrying up all the products of combustion ; but if any

downward current occurs, they dispose of the whole of

it into the room wiohout ever affecting the lamp. The

ventilating flue is in fact a tube, which, as regards the

lamp, can carry everything up but conveys nothing

down.”

The advantages of this arrangement, as applied to the

Northern Lighthouses, were much less palpable than

those which are described in the beginning of Dr Fara-

day’s paper, because their ventilation was very good

before its introduction ; and the flame in particular was

perfectly steady, being by no means subject to derange-

ment from sudden gusts of wind from the roof in the

manner noticed above.

All the lighthouses in the district of the Scotch Com-

missioners are under the charge of at least two light-

keepers, whose duties are to cleanse and prepare the

apparatus for the night illumination, to mount guard

singly after the light is exhibited, and to relieve each

other at stated hours, fixed by the printed regulations

and instructions, under which they act. The rule is,

that no keeper on watch shall, under any circumstances,

leave the lightroom until relieved by his comrade ; and,

for the purpose of cutting off all pretext for the neglect

of this universal law, the dwelling-houses are built

close to the Light Tower, and means are provided for
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making signals directly from the lightroom to the sleep-

ing apartments below. The signals are communicated

by air-tubes (Plate XII.), which pass from the lightroom

to the sleeping-apartments in the houses, and through

which, by means of a small piston, or a puff of wind from

the mouth, calls can be exchanged between the keepers.

The man on guard in the lightroom, at the end of the

watch, or on any sudden emergence, may thus summon
his comrade from below, who, on being thus called,

answers by a counter-blast, to shew that the summons

has been heard and will be obeyed. For the purpose

of greater security, in such situations as the Bell Rock

and the Skerryvore, four keepers are provided for one

lightroom
; one being always ashore on leave with his

family, and the other three being at the lighthouse ; so

that, in case of the illness of one lightkeeper, an efficient

establishment of two keepers for watching the light may

remain. At all the land-lighthouses also, an agreement

is made with some steady person residing in the neigh-

bourhood, who is instructed in the management of the

light and cleansing of the apparatus, and comes under

an obligation to be ready to do duty in the light-room

when called upon, in the event of the sickness or absence

of one of the lightkeepers. This person is called the

occasional keeper, and receives pay only while actually

employed at the lighthouse ; but in order to keep him in

the practice of the duty, he is required to serve in the

lightroom for a fortnight annually in the month of Janu-

ary. For the more minute details of the lightkeeper’s

duty, I would refer the reader to the Instructions already

alluded to, which will be found at the end of this volume.
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Each of the two lightkeepers has a house for himself

aud family, both being under a common roof, but enter-

ing by separate doors, as shewn in Plates XI. and XII.,

which exhibit the buildings for the new lighthouse at

Ardnamurchan Point, on the coast of Argyllshire. The

principal keeper’s house consists of six rooms, two of

which are at the disposal of the visiting officers of the

Board whose duty in inspecting the lighthouse or

superintending repairs, may call them to the station

;

and the assistant has four rooms, one of which is used

as a barrack-room for the workmen, who, under the

direction of the foreman of the lightroom works, exe-

cute the annual repairs of the apparatus.

The early lighthouses contained accommodation for

the lightkeepers in the tower itself ; but the dust caused

by the cleaning of those rooms in the tower was found

to be very injurious to the delicate apparatus and ma-

chinery in the lightroom. Unless, therefore, in situa-

tions such as the Eddystone, the Bell Rock, or the Skerry-

vore, where it is unavoidable, the dwellings of the light-

keepers ought not to be placed in the Light Tower, but

in an adjoining building.

Great care should be bestowed to produce the utmost

cleanliness in everything connected with a lighthouse,

the optical apparatus of which is of such a nature as to

suffer materially from the effect of dust in injuring its

polish. For this purpose covered ash-pits are provided

at all the dwelling-houses, in order that the dust of the

fire-places may not be carried by the wind to the light-

room ; and, for similar reasons, iron floors are used for

the lightrooms instead of stone, which is often liable to

H
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abrasion, and all the stonework near the lantern is re-

gularly painted in oil.

If, in all that belongs to a lighthouse, the greatest

cleanliness be desirable, it is in a still higher degree

necessary in every part of the lightroom apparatus, with-

out which the optical instruments and the machinery

will neither last long nor work well. Every part of the

apparatus, whether lenses or reflectors, should be care-

fully freed from dust before being either washed or bur-

nished
; and without such a precaution, the cleansing

process would only serve to scratch them. For burnish-

ing the reflectors, prepared rouge (tritoxide of iron) of

the finest description, which should be in the state of an

impalpable powder of a deep orange-red colour, is ap-

plied, by means of soft chamois skins, as occasion may

require
;
but the great art of keeping reflectors clean

consists in the daily, patient, and skilful application of

manual labour in rubbing the surface of the instrument

with a perfectly dry, soft, and clean skin, without rouge.

The form of the hollow paraboloid is such, that some

practice is necessary in order to acquire a free move-

ment of the hand in rubbing reflectors ; and its attain-

ment forms one of the principal lessons in the course of

the preliminary instruction, to which candidates for the

situation of a lightkeeper are subjected at the Bell Rock

Lighthouse. For cleansing the lenses and glass mirrors,

spirit of wine is used. Having washed the surface of

the instrument with a linen cloth steeped in spirit of

wine, it is carefully dried with a soft and dry linen rub-

ber, and finally rubbed with a fine chamois skin, free

from any dust which would injure the polish of the glass,
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as well as from grease. It is sometimes necessary to

use a little fine rouge with a chamois skin, for restoring

any deficiency of polish which may occur from time to

time
; but in a well-managed lighthouse this application

will seldom, if ever, be required.

The machinery of all kinds, whether that of the

mechanical lamp or the revolving apparatus, should also

he kept scrupulously clean, and all the journals should

he regularly and carefully oiled.

As I have had frequent occasion to speak of the com-

parative power of lights, it will not be out of place to

present the reader with a few practical observations,

chiefly drawn from the excellent work of M. Peclet to

which I have so often referred, on the measurement of

the intensity of lights by the method of shadows.

The intensity of light decreases as the observer recedes

from the luminous body, in proportion to the square of

his distance. Suppose a beam of light to proceed from a

radiant at F (fig. 100), and we shall have the rays which,

Fig. 100.

c

of course, move in straight lines, gradually receding

from each other, as 6, b', V', V", and c, c', c", c'", so that

the section of the beam will increase with the distance

F b, and F c ; and the same number of rays, being thus
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spread over spaces continually increasing, will illu-

minate the surfaces with a less intensity. This decrease

of intensity will, therefore, be in the inverse ratio of the

extent of the transverse parallel sections of the luminous

cones at b and c, which, we know, increase as the square

of their distances from the apex of the cone at F. Hence

we conclude, that the intensity of any section of a diver-

gent beam of light decreases as the square of its distance

from the radiant. This law furnishes us with a simple

measure of the comparative intensity of lights. If we

suppose two lights so placed that they may separately

illuminate adjacent portions of a vertical screen of paper,

we may, by repeatedly comparing the luminousness of

those surfaces, and moving one of the lights farther

from, or nearer to the screen, at length cause the sepa-

rate portions of the paper to become equally luminous.

This arrangement, however, has many practical diffi-

culties, which I shall not wait to specify
; but shall at

once indicate a more simple and equally correct mode

of obtaining the same result, by means of the shadows

cast by the lights from an opaque rod, in a vertical posi-

tion at 0 (fig. 101), placed between them, and a screen

Fig. 101.
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covered with white paper on which the shadows fall.

It is obvious that the light at F would cause the object

O to cast a shadow at SS, while the light at F would

cast a shadow at S' S'. But while the shadow at S would

still receive light from F', S' would receive light from

F, so that those two shadows are, in fact, the only por-

tions of the screen which are each illuminated only by

one of the lights, while every other portion of its sur-

face receives light from both the radiants at F and F'.

If we suppose F to be the weaker light, we can bring it

nearer the screen, until the shadow S' S', shall become

similar in appearance to the shadow S S
;
and we shall

have the ratio of the intensity of the light at F to that

of the light at F', as (F S')
2

is to (F' S)2
,
which dis-

tances must be measured with the greatest exactness.

Such is the mode commonly used in estimating the com-

parative intensities of two lights ; but there are various

precautions which are needful in order to prevent errors

in comparing the deepness of the shadows, and to insure

the greatest attainable accuracy in the estimate of the

power of the lights, which I shall endeavour briefly to

describe.

The difficulties of estimating the deepness or sharp-

ness of the shadow is very great, and many persons

seem quite incapable of arriving at any right judgment

in this matter. The same person also will discover such

unaccountable variations in his decision after observa-

tions made at short intervals of time, as, one would think,

can only arise from a sudden change of the intensity of

one or both lights. M. Peclet, in his Traite de I'eclair-

age, gives, as the result of his experience (and I can
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fully confirm his result by my own), that those differ-

ences depend less frequently on any real difficulty of

estimating the deepness of the shadows, than on varia-

tions in the position of the observer, or rather in the

angle at which he views the shadows, and that, conse-

quently, in proportion to the distance between the two

shadows, this source of error is increased. Any thing

like a glossy texture of the surface of the screen, which

then, of course, becomes a reflector, also tends to aggra-

vate this evil. Thus, if the two lights which are to he

compared be placed on a table, in such situations as to

spread pretty far apart on the screen the shadows of a

vertical rod placed between them ; and if the shadow

nearer to the observer seem to be a little deeper or

sharper than the other, let the observer look at them

from the other side of the table, and their difference

will be reversed, and that which seemed the paler, will

become the deeper. Again, if the difference between

the two shadows be very great when seen from the right

side of the screen, it may happen that, on viewing them

from the left hand, the difference may still be in favour

of the same shadow, but in a much less degree.

“ When I observed this effect,” says M. Peclet,* “ I

tried to view the shadows through a transparent screen,

but I remarked the same variations. They were indeed

even more sensible
;
for a variation in the distance of

the eye of a few centimetres, made a prodigious change

in the deepness of the shadows. I observed also that

* Traits de l’Eclairage, p. 214.
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the shadow was much deeper when seen in the line of

the light, and that, in every other direction, it became

paler in proportion as the eye receded from that direc-

tion.

“ In all the cases which I have just described, the

differences of the tints when the position is changed, in-

crease in proportion as the shadows are farther separate

;

and they grow very minute when the shadows are almost

touching each other.

“ Let A B (fig. 102) be a white opaque surface, a, a

Fig. 102.

B

luminous body, and m, a black opaque body, then the

shadow b' cast on A B, will appear deeper when observed

from P, than as seen from Q. This is a fact which may

be easily verified, and the cause of which is easily con-

ceived. In fact, the surface A B, although it disperses

the light, must still reflect more of it, in the directions

in which the regular reflection takes place
;
and hence

the rays which are reflected round about the shadow,

must have a greater intensity in the direction of P than

in that of Q, and, consequently, the shadow b' must ap-

pear deeper from the point P than from Q.
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“ If we now place (fig. 103) two lights in front of the

screen AB, at such distances that the two shadows a'

and V should have equal intensities, it is evident that

if the eye he placed at P, the shadow V must appear

more intense than the shadow a', and that the reverse

will take place if the eye be at Q. But the difference

which is then observed, arises not only from the differ-

ence in the brightness of the parts surrounding the

shadows, but also from a difference in the intensity of

the shadows themselves ; for the shadow 6' is illumi-

nated by b, and radiates much more towards Q than

towards P ; and, on the contrary, the shadow a', which

is illuminated by a, radiates much more towards P
than towards Q. We perceive also why the differ-

ences of the tints increase with the separation of the

two shadows, and why they become very small when the

shadows touch each other ; it is because, in proportion

as the shadows are farther apart, each of them is illu-

minated more obliquely, and a greater quantity of light

is radiated (by reflection) in the regular direction.

When they touch each other, on the contrary, they are

illuminated almost perpendicularly, (and consequently

the shadows radiate light almost equally on either side.
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“ Those anomalies of a like kind which are observed

when the shadows are viewed through a translucent

body, such as paper or linen, may be referred to a simi-

lar cause. We know, in fact, that, in looking through

a translucent medium, we always, more or less, distinctly

perceive the luminous body behind it, and, also, that

there is a very large proportion of the rays which tra-

verse the body, which stray but a little from the direction

which they would follow if the substance were absolutely

transparent. Consequently, the space which surrounds

the shadow is more luminous in proportion as we come

nearer to the direction of the shadow ; and as the abso-

lute intensity of the shadows diminishes as we come

nearer to the direction of the rays which light them,

those two effects concur to increase the intensity of that

shadow to which the eye is nearer.

“ As the dispersion by reflection is much more com-

plete than by refraction, the variations of which we have

just spoken are much greater with a transparent screen,

through which the shadows are viewed, than with an

opaque screen (from which they are reflected).”

The mode of comparing lights adopted by M. Peclet

is thus described by himself. “ I view,” says he, “ first,

the two shadows in such a manner that both of them

may be seen in succession from either side of the body

which produces them, and at equal distances. For this

purpose I use a good opera-glass. I alter the distance

of the flames until in those two positions I perceive the

differences (of the intensity in the shadows) to be in

opposite directions. The distances of the lamps may

then be considered as very nearly in the proper propor-
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tion for' producing equal shadows, and to make them

exactly so, the differences, which are observed on either

side (of the centre line between them), should be equal

;

and, of course, the two shadows themselves, seen at one

moment from either side of the opaque body, should be

perfectly equal also.* These three observations, which

mutually serve to verify or correct each other, will lead,

with a little practice, to very great precision in the

result. We may, also, by using a narrow screen, bring

the shadows sufficiently near to touch each other
;
the

variations of the tints then become very small by any

change of our position, and we may, in this case, rest

content with observing them from one point. To get

rid of large penumbrae, which are always an obstacle in

forming a right estimate of the tints of the shadows, I

place the opaque body very near the screen.

“ When we wish to make a great many observations,

it is very convenient to mark divisions on the table

(which carries the lights), in order to read off, by means

of them, the distance of the lamps from the shadows

which they illuminate. By this means, each observa-

tion need not occupy more than two minutes. I gene-

rally use a table CC DD (fig. 104), about two metres

long (6 feet 6 inches), by 80 centimetres wide (2 feet

8 inches). At one end I place the screen AB, covered

* I prefer to view the exterior portions of both shadows from

the central line itself, in which case the opaque rod stands between

them, because, in this manner, I obtain a more correct comparison

by the direct contrast of the surfaces than by successive views of

them, however quickly taken.

A. S.
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with white paper, dull (or not glazed), and kept in a

Fig. 104.

vertical plane by two small pieces P and Q. Through

the point M, the centre of the opaque body, I draw two

lines M/ and M g, equally inclined to the central line

ary, whose extremities b', a’ are the axes of the two

shadows. These lines must be inclined in such a man-

ner that the distance of the shadows may be a little less

than the diameter of the opaque body, or so that they

may actually touch each other, according to the mode of

observing, which you wish to follow. These lines M /,

My I divide into decimetres and centimetres (starting

from the points a', &'), and over those lines I place the

centres of the flames, so that the distance between the

shadows remains always the same, whatever may be the

distance of the lamps. In order to determine the dis-

tance of each lamp from the shadow which it illuminates,

we ought, strictly speaking, to take the distance of the

centre of the flame b from the point a'
; but as the distance

from the point b to the point a' differs little from the dis-

tance between the points b and b\ we may assume the
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latter for the former, without causing any sensible error.

That distance may be very conveniently ascertained by

taking the half of the sum of the distances of the two ex-

tremities z and / of the diameter of the pedestal of the

lamp. When the burner is not placed over the centre of

the pedestal, we may suspend from it a small plummet,

whose point will touch some division and indicate the

distance between the centre of the burner and the shadow.

“ When the lights are coloured, the shadows are

coloured also, and it is then far more difficult to judge

accurately of their intensity. They may, in that case,

be much better seen from the point x, as the black

opaque body which is interposed between them renders

the difference of colour less sensible to the eye.

“ The opaque bodyM is a cylindric rod of iron, whose

upper part is blackened in the flame of a lamp, in order

to prevent the reflection which might interfere with the

sharpness (nettete

)

of the shadows, and to make them

more distinct when they are viewed from the point x”*
I shall make a few trifling additions to M. Peclet’s

clear description of his excellent mode of measuring the

intensity of lights. It is, of course, presumed through-

out that the centres of the flames should be on one level

;

and I have found it most convenient to place the lamps

on small carriages with rollers, which are guided by

means of fine strips of wood nailed along the table in

the directions g M and /M, and carrying the divided

* Those who feel a curiosity to look farther into this subject

may consult Count Rumford’s elaborate paper in the Phil. Trans,

for 1794, p. 67.
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scales of centimetres. This affords the means of making

any slight change in the position of the lamps so easily,

as entirely to avoid the disturbance of the flame which

ensues from lifting the lamp and readjusting it in

another position ; and will, in practice, he found very

convenient when many observations are to be made. I

have already said that my own experience has satisfied

me that, with the aid of a good opera-glass, the central

observation of the two shadows, with the opaque rod

between them, is by far the best, and conducts, at once,

to a result which is confirmed by the observations of two

assistants who watch the shadows at the same time on

opposite sides of the table, and at equal distances from

them. I have found it convenient in comparing lights,

to cover the table with dull black linen cloth, and to
v

surround it with curtains of the same material, hung

from slender brackets, in such a manner as to leave

space for the observer to move freely round the table

within them. The curtains prevent reflection from the

walls of the chamber in which the experiments may be

conducted, and also lessen the disturbing effects of cur-

rents of air. When a comparison of the intensity, and

not of the aggregatepower of two flames, is to be made,

it is necessary to adopt the precaution of inclosing the

lights in opaque boxes, with slits of equal area in each,

placed on the same level, and so arranged, in reference

to the flames, as to be directly opposite the brightest

portion of each. After what has been said, it will be

almost needless to add that the quotient of the square

of the greater observed distance divided by the lesser,

is the ratio of the illuminating power of the two flames.
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The most convenient mode of registering observations,

and that which is generally practised, is in the form of

a Table like the following :

—

Trials.

Distance. Squares of Distance.

i

"

Illuminating Power,'

or Quotient of
i

Squares.

Lamp A. Lamp B. Lamp A. Lamp B. Lamp A. Lamp B.
|

r
i 143 140 20,449 19,700 1-00

;

0-958

2

1
•

117 114 13,689 12,996 1-00 0-949

j

As a standard lamp by which to test others, I believe

none will be found superior to the best Carcel lamp, which

has a clockwork movement, and whose flame continues

to increase in power for about four hours after it is

lighted ; after which it maintains its state permanently,

until the supply of oil fails. This fact wras verified by

M. Peclet with the greatest care. “ I took,” says he,

“ two similar lamps. They were lighted at the same

time, and their relative intensities were measured. One

was then extinguished, without touching the wick, and

its clockwork movement was stopped. One hour after-

wards, I set the clockwork in motion and relighted

the lamp, but without touching the wick. It was found in

the same state as at the first comparison, and I measured

its intensity in reference to the first. Those experi-

ments I repeated every hour, and these are the results

which I obtained. The lamp which I call No. 1, is that

which remained continually burning
;
No. 2 is that which
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was only lighted during the continuance of the (succes-

sive) observations.”

Times of Intensities.

Observation.
Lamp, No. 1. Lamp, No. 2.

H.

5

M.

30 100 100

6 30 103 100
V

7 30 106 100

8 30 110 100

9 30 117 100

10 30 117 100

11 30 117 100

12 30 117 100

This curious scale of increase in power, seems to be

solely due to a peculiarity of the manner in which the

lamp, that derives its supply of oil by clockwork,

becomes heated ; and the effect may be described as

follows : The heating of the wicks, the chimney, and

the oil in this burner, as in that of all other lamps, tends

to increase the light ; but, in an ordinary lamp, acting

by a constant pressure, this maximum of heat is soon

attained ;
whereas in the clockwork-lamp, into the burner

of which the oil is thrown up by a pump, the whole of

the oil in the cistern must reach its maximum tempera-

ture before the best effect of that lamp is produced.

After this state has been reached, there is no disturbing

influence at work, and the lamp burns steadily as long

as the oil lasts.
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I have myself tried what may naturally appear to he

the most simple mode of obtaining an unvarying stan-

dard-light, by employing a gas-burner, supplied from a

gasometer under a constant pressure ; but I found it

very difficult to obtain satisfactory proof of the con-

stancy of the pressure
;
and in a large town, where

there are many burners around one, their lighting or

extinction is found to exercise a material influence in

changing the condition of the flame. I must confess

that I have always been disappointed in attempting to

use a gas-flame as a standard of comparison.

A very convenient form of photometer has been in-

vented by Professor Bunsen of Marburg. It consists of

a disc of writing paper, in the centre of which is painted,

with a camel-hair pencil dipped in spermaceti dis-

solved in naphtha, a ring, surrounding a small circular

spot. At a fixed distance behind this disc is placed a

light which is not liable to variations in intensity ;
and

one of the two lights which are to be compared is placed

in front of the paper disc, and is made to approach it,

until the spot within the spermaceti ring disappears.

The distance of the light is measured, and the light\is

then removed ; after which the other light is applies

in the same manner, and the distance at which the\

spot disappears is measured also. The ratio of the \

squares of the two distances from the paper disc will

accurately represent the relative brightness of the two

lights thus compared. The disappearance of the spot,

within the ring, is obviously caused by the sum of the

lights reflected from it, and transmitted through it, be-

coming equal to the sum of the lights reflected from
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and transmitted by the translucent ring of spermaceti.

It is of course assumed, that the light behind the paper

disc remains constant in intensity and distance
;
and,

consequently, the light transmitted by the central spot,

and also that transmitted by the ring will be invari-

able also. Since, then, each of the lights, which are

compared successively, cause the central spot to dis-

appear, it is evident that in both cases the light which

falls from them on the paper must, at its surface, be

equally bright ; and, therefore, the ratio of the squares

of their distances from the paper is a true measure of

their relative brightness.

A less accurate approximation may also be made, by

substituting for the paper disc of Bunsen, one of the

small revolving beads of silvered glass, by means of

which Professor Wheatstone describes his beautiful lu-

minous curves. When a single bead is made to revolve

in a ellipse, so prolate as to appear like a straight line,

and having its conjugate axis at right angles to the line

joining the lights, the position of the bead, when so

adjusted in the line joining the two lights, that the lumi-

nous bands on either side of it appear of equal width,

gives the means of determining their relative power.

There are various dangers on the shores of Britain,

more especially at the entrance of the great estuaries of

England and also in Ireland, whose position is such as

to put them beyond the reach of regular lighthouses.

Sand-banks wThich are too soft to sustain a solid struc-

ture, and have too deep water on them to admit of the

erection of screw-pile lighthouses, are often the sites for

mooring light-vessels, to guide the mariner into the
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entrance of some estuary, or enable him to thread his

way through the mazes of gats and channels, which,

even during the daytime, baffle the mariner, who sees

no natural object on the low sandy shores of the neigh-

bouring coast to help him to guess at his true position.

The first light-vessel moored on the coast of Great

Britain, was that at the Nore in 1734. There are now

no fewer than 26 floating lights on the coast of England.

By the kindness of the Elder Brethren of the Corpora-

tion of Trinity House of Deptford Strond, I am enabled

to give the following brief sketch of the nature and pecu-

liarities of floating lights which was communicated to me

by Mr Herbert, the secretary of the Corporation :

—

“ The annual expense of maintaining a floating light,

including the wages and victualling of the crew, who

are eleven in number, is, on an average, £1000 ; and the

first cost of such a vessel, fitted complete with lantern

and lighting apparatus, anchors, cables, &c., is nearly

£5000. The lanterns are octagonal in form, 5 feet 6

inches in diameter ; and, where fixed lights are exhi-

bited, they are fitted with eight Argand lamps, each

in the focus of a parabolic reflector of twelve inches

diameter ; but, in the revolving lights, four lamps and

reflectors only are fitted. The greatest depth of water

in which any light-vessel belonging to the Corporation

of Trinity House of Deptford Strond at present rides, is

about 40 fathoms (which is at the station of the Seven

Stones between the Seilly Islands and the coast of Corn-

wall).

“ The Corporation’s light-vessels are moored with

chain-cables of 1$ inch diameter, and a single mushroom
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anchor of 32 cwt., in which cases the chain-cables are

200 fathoms in length ; some of the said vessels are

moored to span-ground moorings, consisting of 100

fathoms of chain to each arm, and a mushroom anchor of

similar weight at the end of each ; a riding cable of 150

fathoms being in such cases attached to the centre ring of

the ground chain. The tonnage and general dimensions

of the light-vessel are given on the drawing of the lines.”

* Still lower in the scale of “ signs and marks of the

sea,” are beacons and buoys, which are used to point

out those dangers which, either owing to the difficulty

and expense that would attend the placing of more effi-

cient marks to serve by night as well as by day, are

necessarily left without lights, or which, from the pecu-

liarity of their position, in passages too intricate for

navigation by night, are, in practice, considered to be

sufficiently indicated by day-marks alone. Beacons,

as being more permanent, are preferred to buoys
;
but

they are generally placed only on rocks or banks which

are dry at some period of the tide. On rocks, in ex-

posed situations, beacons are sometimes of squared

masonry, secured by numerous joggles ; but, in situ-

ations difficult of access and in which works of un-

completed masonry could not be safely left during the

winter season, an open framework of cast-iron pipes,

firmly trussed and braced, and secured to the rock with

strong louis-bats, is preferred. The details of this

framework are shewn at Plate XIII. A stone beacon

of about 40 feet high may be erected for about £700,

and the iron beacon shewn at Plate XIII. for about

£640. In less exposed places, where the bottom is rock,
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gravel, or hard sand, a conical form of beacon, composed

of cast-iron plates, united with flanges and screws, with

rust-joints between them, and partially filled with con-

crete, is sometimes used. A beacon of that kind can

be erected for about £400.

Lastly, buoys, which may be regarded as the least

efficient kind of mark, and as bearing the same relation

to a beacon that a floating-light does to a lighthouse, are

used to mark by day dangers which are always coverod

even at low water, and also to line out the fairways of

channels. They are of three kinds, viz., the Nun-buoy,

in the form of a parabolic spindle, generally truncated at

one end, so as to carry a mast or frame of cage-work, and

loaded at the other end, so as to float in a vertical posi-

tion; the Can-buoy, which is a conoid floating on its side;

and, lastly, the Cask-buoy, which is a short frustum of

a spindle truncated at both ends, but almost exclusively

used for carrying the warps of vessels riding at moor-

ings. Those buoys are of various sizes and differ in

cost. Mast-buoys, from 10 to 15 feet in length, cost

from £23, 15s. to £48 ;
and those of the Ribble and the

Tay, which are 21 and 24 feet long, cost respectively

£105 and £79 ; the Can-buoys are from 5 to 8 feet long,

and cost from £13, 13s. to £20, 5s. Smaller buoys are

also used in narrow estuaries or rivers. Large buoys are

often built on kneed frames resembling the timbers of

vessels. The Cask-buoy is generally 6 feet long, and

costs £22, 15s. All those buoys are formed of strong

oaken barrel-staves, well hooped with iron rings, and

shielded with soft timber ; and the nozzle-pieces at the

small end of the Nun and Can buoys are generally solid
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quoins of oak or iron, formed with a raglet or groove to

receive the ends of the staves. Much skill, on the part of

the cooper, is required in heating and moulding the staves

to the required form ; and great care must he taken

that they be of well-seasoned timber. Buoys are not

caulked with oakum, but with dry flags which are closely

compressed between the edges of the staves and swell

on being wet ; and they are carefully proved by steam-

ing them like barrels, to see if they be quite tight.

Sheet-iron is sometimes used in making buoys, and they

are then sometimes protected with fenders of timber

;

but they have been found more troublesome for tran-

sport and, for most situations, are considered less con-

venient than those of timber. An attempt has lately

been made, under my direction, to construct buoys of

gutta percha, stretched on a frame of timber
;
but I can-

not at present speak confidently of the result.

In the beginning of 1845, I suggested the idea of

rendering beacons and buoys useful during night, by

coating them with some phosphorescent substance, or

surmounting them with a globe of strong glass filled

with such a preparation, whose combustion is very slow,

and emits a dull whitish light and little heat. Some

experiments were accordingly made
;
but no practically

useful result has been obtained.

In laying down beacons or buoys, their position is

fixed either by the intersection of two lines drawn

through two leading objects on the shore (the mag-

netic bearings of which are given for the sake of easy

reference on the spot, in finding out the marks), or by

means of the angles contained between lines drawn to
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various objects on the shore, which meet at the beacon

or buoy from which they are measured by means of a

sextant. In the latter case, the angles are always

measured around the whole horizon, thus affording a

check by the difference of their sum from 360°. The

magnetic bearing of one of those lines is afterwards

carefully ascertained, by means of the prismatic compass

(if possible from one of the objects on shore, and if not,

conversely from the beacon or buoy), so as to afford the

means of translating the whole into magnetic bearings

for the use of seamen. The buoys are moored by means

of chains and iron sinkers, with a sufficient allowance

in the length of the chain to permit them to ride easily.

Addendum.

—

Since the pages (55 et seg. Part I.)

went to press, in which I have noticed the erection of

the tubular iron pillars for the lighthouse on the Bishop

Rock off the Scilly Islands, I have learned, with regret,

from my friend Mr Walker, the eminent engineer who

designed the work, that the whole had disappeared

during the gale of the 5th and 6th February last. No

account has reached me of the condition in which the

rock was found when visited after the storm
; and it

is, therefore, impossible to form any conjectures as to

the mode in which the pillars were destroyed ; but

such an event naturally increases the doubts which I

have ever entertained as to the fitness of such a struc-

ture in situations exposed to the force of heavy waves,

and strengthens my preference of weight instead of

strength as a source of stability.
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INSTRUCTIONS
FOR

THE LIOrHTKEEPERS

OF

THE NORTHERN LIGHTHOUSES.

I. The Lamps shall be kept burning bright and clear every

night from sunset to sunrise
;
and in order that the greatest degree

of light may be maintained throughout the night, the Wicks must

be trimmed every four hours, or oftener if necessary ; and the

Keeper who has the first watch shall take care to turn the oil

valves so as to let the oil flow into the Burner a sufficient time

before lighting.

II. The Lightkeepers shall keep a regular and constant Watch

in the Light-room throughout the night. The First Watch shall

begin at sunset. The Lightkeepers are to take the Watches

alternately, in such manner that he who has the first Watch one

night shall have the second Watch next night. The length or

duration of the Watch shall not, in ordinary cases, exceed four

hours ; but, during the period between the months of October and

March, both inclusive, the first Watch shall change at eight o’clock.

The Watches shall at all times be so arranged as to have a shift

at midnight.

III. At Stations where there is only one Light-room, the daily

I
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duty shall 'be laid out in two departments, and the Lightkeepers

shall change from one department to the other every Saturday

night.

IV. First Department.—The Lightkeeper who has this de-

partment shall, immediately after the morning Watch, polish or

otherwise cleanse the Reflectors or Refractors till they are brought

to a proper state of brilliancy
;
he shall also thoroughly cleanse

the Lamps, and carefully dust the Chandelier. He shall supply

the Burners with cotton, the Lamps with oil, and shall have every

thing connected with the Apparatus in a state of readiness for

lighting in the evening.

V. Second Department.

—

The Lightkeeper who has this

department shall cleanse the glass of the Lantern, lamp-glasses,

copper and brass work and utensils, the walls, floors, and balcony

of the Light-room, and the apparatus and machinery therewith

connected
; together with the Tower stairs, passage, doors, and

windows, from the Lightsroom to the Oil cellar.

VI. For the more effectual cleansing of the glass of the Lan-

tern, and management of the Lamps at the time of lighting, both

Lightkeepers shall be upon watch throughout the first hour of the

first watch every night, during the winter period, between the first

day of October and last day of March, when they shall jointly do

the duty of the Light-room during that hour. These changes to

and from the double watch shall be intimated by the Keepers in

the Monthly Returns for October and April. • The Lightkeepers

must return to the Lighthouse, on all occasions, so as to be in time

to attend the Double Watch at Lighting Time during the Winter

Months.

VII. At those Stations where there are two Light-rooms, each

Lightkeeper shall perform the entire duty of both departments

in that Light-room to which he may be especially appointed.

But after the first hour of the first Watch, the Lightkeeper who
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has charge of this watch shall perform the whole duty of trimming

and attending the Lights of both Light-rooms till the expiry of

his watch
; and, in like manner, his successor on the watch shall

perform the whole duty of both Light-rooms during his watch.

VIII. The Lightkeeper on duty shall on no pretence whatever,

during his watch, leave the Light-room and balcony, or the pas-

sage leading from one Light-room to another, at stations where

there are two Lights. Bells are provided at each Light room to

enable 1 the Lightkeeper on duty to summon the absent Light-

keeper ; and if at any time the Lightkeeper on duty shall think

the presence or assistance of the Lightkeeper not on duty is neces-

sary, he shall call him by ringing his bell, which should be imme-

diately answered by the return-signal, and the Keeper so called,

should repair to the Light-room without delay. In like manner,

when the watches come to be changed, the bell shall be rung to

call the Lightkeeper next in turn. After which the Lightkeeper

on duty shall, at hig peril, remain on guard till he is relieved by

the Lightkeeper in person who has the next watch.

IX.. Should the bell of the Lightkeeper, whose turn it is to

mount guard, happen to be in an unserviceable state, the other

house-bell shall be used, and some of the inmates of that house

shall call the Lightkeeper not on duty, so as by all means to

avoid leaving the Light-room without a constant watch during the

night.

•

X. The Principal Lightkeeper is held responsible for the safety

and good order of the Stores, Utensils, and Apparatus of what

kind soever ; and for every thing being put to its proper use, and

kept in its proper place. He shall take care that none of the

stores or materials are wasted, and shall observe the strictest eco-

nomy, and the most careful management, yet so as to maintain in

every respect the best possible light.

XI. The Principal Lightkeeper shall daily serve out the allow-

Digitized by Google



196 APPENDIX.

ance of Oil and other Stores for the use of the Light-room. The

Oil is to he measured by the Assistant, at the sight of the Prin-

cipal Lightkeeper. The Lightkeepers are on no account to leave

the Turning-keys attached to the Cranes of the Oil Cisterns, after

drawing Oil, but shall remove and deposit them on the Tray beside

the Oil measures.

XII. The Lightkeeper shall keep a daily Journal of the quan-

tity of Oil expended, the routine oftheir duty, and the state of the

Weather, embodying any other remarks that may occur. These

shall be written in the Journal-Books, to be kept at each Station

for the purpose, at the periods of the day when they occur, as they

must on no account be trusted to memory. On the first day of

each month they shall make up and transmit to the Engineer a

return, which shall be an accurate copy of the Journal for the pre-

ceding month.

XIII. The Lightkeepers are also required to take notice of any

Shipwreck which shall happen within the district of the Light-

house, and to enter an account thereof, according to the prescribed

form, in a Book furnished to each Station for this purpose ; and

in such account they shall state whether the Light was seen by

any one on board the shipwrecked Vessel and recognized by them,

and how long it was seen before the Vessel struck. A copy of this

entry shall form the Shipwrecked Return, to be forthwith for-

warded to the Engineer. When any application is made to the

Lightkeepers for information as to shipwrecks in the neigh-

bourhood of the Station, or as to the state of the weather, or the

management and arrangement of the Lighthouses, they are to

direct the applicants to communicate with the Engineer or Secre-

tary of the Board in Edinburgh.

XIV. A Book, containing a note of the Vessels passing each

Lighthouse, shall be kept ; and an annual Schedule, shewing the

number of Vessels in each month, shall be sent to the Engineer

in the month of January.
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XV. The Monthly and Shipwreck Returns axe to be written by

the Assistant, and the accompanying letters by the Principal

Lightkeeper. The whole shall be carefully compared, and the

additions of the various columns tested by both Lightkeepers,

who shall also sign the same as correct, according to the printed

form, and the Principal Keeper shall despatch by post to the

Engineer as soon as possible. The accounts presented at the

Lighthouses are to be carefully examined and checked by both

Lightkeepers, before being sent to the Engineer.

XVI. For each Station there shall be at least one person resi-

dent near the Lighthouse, who shall be fully instructed in the

whole practice of the Light-room duty, and shall come under an

agreement to be always ready to take the place of either Keeper,

in case of sickness or other emergency. This person shall be

called the “ Occasional Keeper;” and he shall be duly instructed

in the duty, and qualified for this trust by a residence in the

Lighthouse, and course of training in the whole of the duty dur-

ing not less than three weeks for the Reflecting, and four weeks

for the Refracting Lights. For the purpose of keeping up the

practical knowledge of the “ Occasional Keeper,” he shall be an-

nually called in by the Principal Lightkeeper to do duty for a

fortnight in the month of January
; and the same shall be stated

in the Monthly Letter. At inaccessible Stations, where there are

two “ Occasional Keepers,” they shall each serve a fortnight in

January, and shall, as much as possible, be called in alternately

to do duty.

XVII. The Principal Lightkeeper is held responsible for the

regularity of the Watches throughout the night, for the cleanli-

ness and good order of the Reflecting or Refracting Apparatus,

Machinery, and Utensils, and for the due performance of the

whole duty of the Light-room or Light-rooms, as the case may be,

whether performed by him personally, or by the Assistant.

XVIII. The Principal Lightkeeper is also held responsible for

I 2
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the good order and condition of the Household Furniture belong-

ing to the Lighthouse Board, as well in his own as in the Assist-

ant’s house. This duty extends also to the cleanliness of the

several apartments, passages, stairs, roofs, water-cisterns, store-

rooms, workshops, privies, ash-pits of the dwelling-houses, offices,

court, and immediate access to the Lighthouse.

XIX. The Lightkeepers shall endeavour to keep in good order

and repair the Dykes enclosing the Lighthouse grounds, the

Landing-places and Roads leading from thence to the Lighthouse,

and the Drains therewith connected ; together with all other things

placed under their charge.

XX. When stores of any kind are to be landed for the use of

the Lighthouse, the Lightkeepers shall attend and give their

assistance. The Principal Lightkeeper must, upon these occa-

sions, satisfy himself, as far as possible, of the quantity and con-

dition of the Stores received, which must be duly entered in the

Store-book and Monthly Return-book.

XXI. The Lightkeepers are to make a Report of the quality of

the Stores, in the Monthly Return for March annually, or earlier

should circumstances render this necessary ; and this Report must

proceed upon special trial of the several Cisterns of Oil and the

other stores in detail, both at the time of receiving them and after

the experience of the winter months.

XXII. At all Stations where Peat Fuel is in use, there must be

such a quantity of Peats provided, that the Stock of the former

year shall be a sufficient supply to the end of the current year.

XXIII. Should the supply of any of the Lighthouse Stores at

any time appear to the Principal Lightkeeper to be getting short,

so as thereby to endanger the regular appearance of the Light, he

shall immediately intimate the same to the Engineer ; and he must
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be guided by prudence in reducing the stated number of Burners

until a supply be received.

XXIV. The Lightkeepers are prohibited from carrying on any

trade or business whatever. They are also prohibited from hav-

ing any boarders or lodgers in their dwelling-houses, and from

keeping dogs at the Lighthouse establishments.

XXV. The Lightkeepers are also directed to take care that no

smuggled goods are harboured or concealed in any way in or about

the Lighthouse premises or grounds.

XXVI. The Lightkeepers have permission to go from home to

draw their salaries, and also to attend church. The Assistant

Lightkeeper, on all occasions of leave of absence, must consult

the Principal Lightkeeper as to the proper time for such leave,

and obtain his consent
;

in like manner, the Principal Light-

keeper shall duly intimate his intention of going from home to the

Assistant Lightkeeper ;—it being expressly ordered that only one

Lightkeeper shall be absent from the Lighthouse at one and the

same time.

XXVII. While the Principal Lightkeeper is absent, or is in-

capacitated for duty by sickness, the full charge of the Light-

room duty and of the premises shall devolve upon the Assistant,

who shall in that case have access to the keys of the Lightroom

stores, and be held responsible in all respects as the Principal

Lightkeeper ;
and in case of the incapacity of either Lightkeeper,

the assistance of the Occasional Lightkeeper shall be immediately

called in, and notice of the same given to the Engineer. Notice

to be taken of any such occurrences in the Monthly Return, or by

special letter to the Engineer, should circumstances render this

necessary.

XXVIII. The Lightkeepers are required to be sober and in-

dustrious, cleanly in their persons and linens, and orderly in their
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families. They must conduct themselves with civility to strangers,

by shewing the premises, at such hours as do not interfere with

the proper duties of their office ; it being expressly understood,

that strangers shall not be admitted into the Light-room after

sunset. But no money or other gratuity shall be taken from

strangers on any pretence whatever.

XXIX. Frequent intimations having been made in the news-

papers as to Pleasure Excursions to Islands on which Lighthouse

Establishments are placed, and representations having been made

of the danger of injury to the Lighting Apparatus from parties

crowding the Light-room, it is hereby directed that, when more

than twelve persons visit a Station, the Light-room and Lighting

Apparatus shall not be open to inspection ; and it is further

directed, that not more than three strangers shall have access to

any Light-room at one and the same time. The Lightkeepers

must not on any pretext admit persons in a state of intoxication.

The Lighthouse Establishments are not to be open to the public

on Sunday. No stranger visiting a Light-room shall be permitted

to handle any part of the Apparatus, or make Drawings, or to

take any Dimensions, unless he shall produce a written authority

for so doing from an Officer of the Board.

XXX. The Lightkeepers are to appear in their Uniform-dress

when any of the Commissioners or Principal Officers visit a Sta-

tion, and also on Sunday ;—on which day, at noon, the weather

permitting, the Lighthouse flag shall be hoisted by the Assistant

Lightkeeper, or in his absence by the Principal Lightkeeper,

when it shall remain displayed until sunset.

XXXI. In collecting the Accounts due to tradesmen and others

near the Station at the Half-yearly Terms, the Principal Keeper

must send the exact Address of the parties to w'hom money is to be

paid, so that an order for payment may reach them directly from

the Office. There are also issued two Papers, one of which is

called “ List of Accounts delivered,” and the other “ Account of
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Sums claimed.” The first* Paper must contain a list of the small

Sums mentioned below, and his own customary claims. In the

second Paper the Keeper will enter his own claims in detail, the

amount of which will also be entered in the first
;
and he will, at

the same time, give a copy of the Form to the Assistant for the

entry of his claims. The Principal Keeper will send direct to the

Engineer all other Accounts incurred for Work done at the Light-

house, as soon as the Work is completed, without waiting till the

end of the half-year. The Half-yearly List will thus merely

include any small Accounts, such as those for Washing, Carriage

of Letters and Parcels, Rents ,of Seats in Church, Shoeing tho

Horse, and other small customary charges from the Keepers.

XXXII. In the event of any neglect occurring in the perform-

ance of any part of the duties required from a Lightkeeper, the

offending party shall, jointly with the other Lightkeeper or

Lightkeepers at the Station, send immediate notice of the cir-

cumstance to the Engineer
;
and, in the event of one party refus-

ing or neglecting to concur in giving this intimation, the others

(whether Principals or Assistants) shall proceed to give the notice

in their own names.

XXXIII. The breach of any of the foregoing Rules and Instruc-

tions shall subject the Lightkeepers to dismissal, or to such other

punishment as the nature of the offence may require.

XXXIV. It is recommended that the Principal Light-keeper or

other Principal Officer at the respective Lighthouses for the time

being, shall, every Sunday, perform the service pointed out for

the inmates, by reading a portion of the Scriptures, and any other

religious book furnished by the Board, and the prayer composed

for their use by the Rev. Dr Brunton, one of the Ministers of

Edinburgh, or other Prayers in any work furnished by the Board.

For this purpose, the Principal Lightkeeper shall invite the

families to assemble at noon in the Visiting Officers’s room.
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XXXV. The Lightkeepers are to observe that the above general

Regulations are without prejudice to anymore special Instructions

which may he made applicable to any particular Lighthouse, or to

such orders as may from time to time he issued by the Engineer.

XXXVI. As the Commissioners have no power to make pro-

visions for the widows and children of persons in their service,

they directed, by Minute of 5th February 1839, that in lieu

thereof, the sum of £3 per annum be added to each Light-

keeper’s Salary, to be retained, and applied towards effecting an

Insurance on his Life, under the following Regulations, which are

here repeated for the information and guidance of the Light-

keepers :

—

1. That the sum retained for Insurance Bhall in no event be payable

to or assignable by any Lightkeeper, or attachable by his creditors.

2. That the addition made to the Lightkceper’s Salaries shall be

employed in paying an annual premium on a Policy of Insurance on

their respective lives, for such a sum as can be obtained for such pre-

mium, in reference to the age of the party insured
;
the policy for such

insurance to be taken in name of the Commissioners, and the sums con-

tained in them to be payable to the Commissioners after the death of

the Lightkeeper.

3. That it shall be competent to every Lightkeeper, at any time

during his life, by any writing under his hand, either in the form of a

letter to the Secretary, or otherwise, to direct in what manner he would

wish the sum arising from his Policy of Insurance, at his death, to be

applied for the benefit of his wife and family
;
but it is to be understood

that the Board consider it inexpedient that in any case they should

retain the sum coming into their hands for behoof of such widow or

family
;
and that in the event of no written directions being left, the

Board will apply such sums for behoof of the widow or family, one or

both, at their discretion, in such way as they may think most beneficial,

without having regard to the manner in which such sums might fall

to be divided at common law.
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4. That in the event of no such directions for behoof of the widow

and family being left by the Lightkeeper, the Policies, and sums

arising from them, shall be held by the Board exclusive of the credi-

tors or other assignees of the deceased Lightkeeper, the object being

to provide a fund to the widow and family, where such are left.

5. That in the event of any Lightkeeper being at any time dis-

missed from, or leaving, the service of the Board, he is to have no

claim on the Policy, nor for the annual premiums paid, nor for its

value,—the same, in that case, being entirely at the disposal of the

Board
;
with power to them, nevertheless, if they shall see cause, to

give up the Policy to the party dismissed or leaving the service, or

to his family, or to give its value, or otherwise to dispose of it.

6. That in the event of any Lightkeeper dying, and leaving no

wife and family, the Board will still apply the sums coming into their

bands in terms of any written directions he may leave
;
but failing

such, and, on his dying intestate, the Board will leave the Insurance

Office to settle with his next of kin according to the usual forms of law.

7. That from the Salary of every Lightkeeper hereafter entering

the service, a sum of £3 shall be retained annually to effect an Insur-

ance on his life, subject to the above conditions.

XXXVII. These Instructions are to be read in the Light-room

by the Principal Lightkeeper, in the hearing of his Assistant, on

the term days, before drawing his salary ; and notice of such

reading taken in the Monthly Returns.

(Signed) ALAN STEVENSON,
Engineer.

Office of the Board of Northern Lighthouses,

Edinburgh, 12th December 1849,
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204 APPENDIX.

Edinburgh, 12th December 1849.

The Commissioners having considered the preceding Rules and

Instructions, approve of the same
;
direct them to be substituted

for those now in use
;
appoint them to be signed by the Engineer,

and copies of them and of this Minute to be issued to the present

Lightkeepers ; direct a copy to be delivered in future to each

Lightkeeper at the time of his appointment, that they may

understand that they are placed under the department and super-

intendence of the Engineer, who is held responsible for the strict

observance of the Rules and Instructions, and for their general

good conduct
;
that the Engineer has power, in case of neglect or

disobedience, instantly to suspend and remove any of the Light-

keepers, and to report the case to the Commissioners, by whom it

will be considered, and the offending party subjected to dismissal,

or such other punishment as the offence may merit. In case of a

punishment less than dismissal, that circumstance, as well as the

general conduct of the Lightkeeper, will always be taken into

consideration when any application may be made for the Super-

annuated Allowance.

Extracted from the Minutes by

ALEX. CUNINGHAM, Secy.
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PUBLIC WORKS

OF

THE UNITED STATES OF AMERICA.

In 2 Parts, Imperial Folio, comprising the following very important
Works :

—

CONTENTS OF PLATES.

1 to 13. The Philadelphia gas-works; comprising elevations of bnilding, roof de-
tails, furnaces, retorts, sections of; gasometers, tanks ; hydraulic main pipes,
&lc . ; gas meters, washers, die.

14. Elevation, section, and plan of the reservoir dam across Swatara, Pennsylvania,
erected bv the Union Canal Co.

15. Elevation, section, chamber, and plan of the outlet locks on the Schuylkill
canal at Plymouth, Pennvsylvanla.

lfi. Lock-gates and details of ditto.
17. Triangulation of the entrance into the Bay of Delawar, exhibiting the exact

position of the capes and shoals, with reference to the site of the breakwater.
18. Map of the Delawar breakwater, with the detailed topography of Cape Hcnlo-

pen, and section of breakwater.
19. Map of the Philadelphia water-works.
20. Ground plan of tho northern half of do.
21. Dam, end view of water-wheel, die.
22. Dam, section of

;
pier, die.

23. View, section, die., of force pumps.
24. Improved stop-cock, reducing pipe, circular pipe, double and single branch

pipe, bevel nub pipe, die.

25. Plan of dam, Sandy and Beaver canal
;
plan of abutment, cross section, gravel-

ling, &c.
20, 27. Plan, elevation and cross section of a lift lock, Sandy and Beaver canal.
28. Gate, front view ; front view of falling gate, mitre sill, section, die.

29, 30. Eastern division, and Sandy and Beaver canal, Ohio, front view ; foundation
plan, end view, die., of abutment.

31, 32. Plan of the tye river dam across James river and Kanawha canal.
33. Lock on ditto

;
plan of 8 feet lift, and sections.

34, 35. Plan of a wooden lock of 8 feet lift, several sections.
3G, 37. Plan of Kivanna aqueduct, in elevations and sections, horizontal section at

surface of water, plan of pier abutment, and wing-walls, die.

38. Farm Bridge, James river and Kanawha canal ; elevation, plan, longitudinal
and cross section.

39, 40. Aqueduct over Byrd Creek, on the same canal ; elevation, abutment of wings,
horizontal section at surface of water, transverse section, die.

The Plates are engraved in the best style of art by the Le Keuxs from
elaborate drawings made expressly for the work. Care has been taken

that each subject contains every dimension necessary to shew propor-

tion and parts of construction.

Price £2 ; and in an 8vo. vol. price 6s. ;
(sold together, £2, 6s.)

REPORTS, SPECIFICATIONS. AND ESTIMATES

OF

PUBLIC WORKS OP THE UNITED STATES OP
AMERICA:

Explanatory of the Atlas folio of detailed Engravings, elucidating prac-

tically these important Engineering Work6.
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153 Plates, half-bound in Morocco, very neat, Price £4, 4s. ; some of

the Plates coloured, price £5, 5s.

PUBLIC WORKS OF GREAT BRITAIN

;

CONSISTING OF

Railways, Rails, Chairs, Blocks, Cuttings, Embankments, Tunnels,
Oblique Arches, Viaducts, Bridges, Stations, Locomotive Engines, &c.

;

Cast-Iron Bridges, Iron and Gas Works, Canals, Lock-Gates, Centering,

Masonry and Brickwork for Canal Tunnels
;
Canal Boats ; the London

and Liverpool Docks, plans and dimensions, Dock-Gates, Walls, Quays,
and their Masonry

;
Mooring-Chains

;
Plan of the Harbour and Port of

London, and other important Engineering works, with descriptions and
specifications

; the whole rendered of the utmost utility to the Civil

Engineer and to the student, and as examples to the foreign engineer.

This work is on an imperial folio size, the drawings and engravings
have been executed by eminent artists, and no expense has been spared

in rendering it highly essential for practical use ; also, as an ornamental
volume of important Engineering works in several parts of the king-

dom. There are some plates in the volume that may be preferred in

colours, viz., the elaborate subject of the Blisworth Cuttings, on the

Birmingham Line, 18 plates, geologically coloured
;
Glasgow and Garn-

kirk Railway Cutting through Moss.

22 Plates, large folio, bound, price £1, Is.

THE HARBOUR AND PORT OF LONDON,

SCIENTIFICALLY, COMMERCIALLY, AND HISTORICALLY DESCRIBED.

Sold separate, but included in the preceding.

In 18mo, in boards, comprising 390 pages, price 5s.

A SYNOPSIS OF PRACTICAL PHILOSOPHY.
By the Rev. John Carr, M.A.

In 1 large 8vo. volume, with Plates, Second Edition, price 4s. 6d.

REMARKS ON

THE IMPROVEMENT OF TIDAL RIVERS.

By DAVID STEVENSON, C.E., F.R.S.E., &c.

Digitized by Google



CATALOGUE

OF

RUDIMENTARY,

1EDUCATIONAL, SCIENTIFIC, AND CLASSICAL

WORKS

COLLEGES, HIGH AND ORDINARY SCHOOLS,
AND SELF-INSTRUCTION;

TOGETHER WITH

A LIST OF WORKS ON PRACTICAL SCIENCE.

I-ESIGHED TO PROMOTE THE OBJECTS OF

MECHANIC INSTITUTES,

LITERARY AND SCIENTIFIC ASSOCIATIONS,

BOROUGH AND CITY FREE LIBRARIES,

OF STUDENTS GENERALLY.

JOHN WEALE, 59, HIGH HOLBORN,
LONDON.

1859.
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DRAWING BOOKS

For Students’ use in Schools, Mechanics' Institutions, and

others, desiring to acquire a superior method of Drawing
and Shadowing, as practised in the best Schools of France.

COUBS ELEMENTAIRE3 de LAVIS applique L’ARCHITECTURE
;

folio

volume, containing CO elaborately engraved plates, in shadows and tints,

very finely executed by the best artists of France, price 21. 10*. Paris.

COUBS ELEMENTAIBES de LAVIS appliqufi a ORNEMENTATION
;

folio

volume, containing 50 elaborately engraved plates, in shadows and tints,

very finely executed by the best artists of France, price 21. 10*. Paris.

ETUDES PBOGBESSIVES ET COMPLETES D’ABCHITECTUBE de Lavis

par J. B. Tripon
;
large folio, 24 fine plates, comprising the Orders of

Architecture, mouldings with profiles, ornaments, and forms of their

proportion, art of shadowing, doors, balusters, parterres, Ac. Ac. &c.,

price 11. 4*. Paris.

In 4to., with 14 plates, in half cloth, boards, price 7s. 6d.

PBACTICAL BULES ON DRAWING FOR THE OPERATIVE BUILDER
AND YOUNG STUDENT in Architecture.

1 Practical_Rules on Drawing, Outlines,

2. Practical Buies on Drawing, the Grecian and Roman Orders.

3. Practical Buies on Light and Shade.

4. Practical Buies on Colour, Ac. Ac.

In 4to., boards, 8 plates, and 76 woodcuts, price 6*.

ARCHITECTURE OF MACHINERY. An Essay on Propriety of Form and

Preportion. Intended as a guide to assist the Student in the Drawing

and Designing of Machinery. For the use of Students and Schoolmasters.
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MR. WEALE’S

SERIES OF RUDIMENTARY WORKS.

Mr. Weaxe has prepared for publication, in a neat and convenient size, a

series of original and useful Volumes, by the most esteemed writers, forming a

Rudimentary Course for the easy comprehension of the leading principles of

various Sciences.

It has been remarked that “those who are in the ship of Science ought to

remember that the disciples cannot arrive without the aid of boats.” Popular

Treatises are to Science what boats are to large ships : they assist people in

getting aboard. Rut as no one would trust himself to a weak and inefficient

boat, so no one ought to begin the study of Science with an imperfect guide.

It sometimes happens that popular treatises arc made to appear easy by the

omission of those very details which are most essential to be known : they state

results without going through the necessary processes by which those results

are gained : they deal largely in facts, and leave principles untouched.

The only method of avoiding this error is to confide to men who are

masters of their respective subjects the task of drawing up Popular Introduc-

tions to the several branches of Science, as well as uniting elementary principles

with practical applications. The Publisher trusts that the following list of

names will be a sufficient guarantee to the Public that what he proposes to

attempt in the cause of Popular Instruction will be done well; and that these

little treatises will fully answer the purposes for which they are intended,

namely, to become convenient and accurate Guide-Books in Popular Institutions

generally, while their low price will place them within the reach of all classes

earning their daily bread, to many of whom a knowledge of the elements, together

with the practice, of the Sciences are positive gains in the common pursuits of life,

as well as a means of winning from gross tastes, and presenting to the mind

noble and worthy objects of study, Theseries, also, is extended to the Elemental

and Practical Science of Mathematics, for those who desire to advance and

perfect their studies. Together with an Educational Series. The whole in

demy 12mo., as follows :

1. CHEMISTRY, by Prof. Fownes, F.R.S., including Agricultural Che-
mistry, for the use of Farmers. 4th edition . ... . . Is.

2. NATURAL PHILOSOPHY, by Charles Tomlinson. 3rd edition . . 1*.

3. GEOLOGY, by Col. Portlock, F.R.8., &c. 3rd edition . . Is. 6d.

4. 5. MINERALOGY, with Mr. Dana’B additions, 2 vols. in I. 2nd edition 2«,
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i RUDIMENTARY SERIES.

6. MECHANICS, by Charles Tomlinson. 4th edition . . . . 1*.

7. ELECTRICITY, by Sir William Snow Harris, F.R.S. 3rd edition Is. 6d.

7*. GALVANISM : ANIMAL AND VOLTAIC ELECTRICITY : Trea-
tise on the General Principles of Galvanic Science, by the sanio 1*. M .

8. 9, 10. MAGNETISM, Coucise Exposition of, by the same, 3 vola. . 3*. 6d.

11, 11*. ELECTRIC TELEGRAPH, History of the, by E. Highton, C. E.,
double Part .... 2a.

12, PNEUMATICS, by Charles Tomlinson. 2nd edition . . . . 1*.

13, 14, 15. CIVIL ENGINEERING, by Henry Law, C.E., 3 vols. ; and
15* Supplement . . 4*. 6d.

16. ARCHITECTURE (Orders of), by W. H. Leeds. 2nd edition . . Is*

17. ARCHITECTURE (Styles of), by T. Bury, Architect. 2nd edition,

with additional cuts Is. 6d.

18. 19. ARCHITECTURE (Principles of Design in), by E. L. Garbett,
Architect, 2 vols 2s.

20,21. PERSPECTIVE, by G. Pyne, Artist, 2 vols. 3rd edition . , 2s.

22. BUILDING, Art of, by E. Dobson, C.E. 2nd edition . . . . Is.

23,24. BRICK-MAKING, TILE-MAKING, &c., Art of, by the same, 2
vols. 2s.

25, 26. MASONRY AND STONE-CUTTING, Art of, by the same, with
illustrations 2s.

27, 28. PAINTING, Art of, or a GRAMMAR OF COLOURING, by George
Field, 2 vols. 2nd edition 2s.

29. DRAINING DISTRICTS AND LANDS, Art of, by G. D. Dempsey,
C. E. 2nd edition Is.

30. DRAINING AND SEWAGE OF TOWNS AND BUILDINGS, Art
of, by the same. 2nd edition ....... Is. 6d.

31. WELL-SINKING AND BORING, Art of, by G. E. Burnell, C. E.
2nd edition Is.

32. USE OF INSTRUMENTS, Art of the, by J. F. Heather, M. A. 3rd
edition Is.

33. CONSTRUCTING CRANES, Art of, by J. Glynn, F.R.S., C.E. 2nd
edition Is.

34. STEAM ENGINE, Treatise on the, by Dr. Larduer, 5th edition . Is.

35. BLASTING ROCKS AND QUARRYING, AND ON STONE, Art of,

by Lieut.-Gen. Sir J. Burgoyne, G.C.B., R.E. 2nd edition . . Is.

36. 37, 38, 39. DICTIONARY OF TERMS used bv Architects, Builders,

Engineers, Surveyors, Artists, Ship-builders, &c., 4 vols. 2nd edition 4s.

40. GLASS-STAINING, Art of, by Dr. M. A. Gessert . . . . Is.

41. PAINTING ON GLASS, Essay on, by E. 0. Fromberg . . . Is.

42. COTTAGE BUILDING, Treatise on. 2nd edition . . . . Is.

43. TUBULAR AND GIRDER BRIDGES, and others, Treatise on, more
particularly describing the Britannia and Conway Bridges . . Is,

44. FOUNDATIONS, &c., Treatise on, by E. Dobson, C.E. . . Is.

45. LIMES, CEMENTS, MORTARS, CONCRETE, MASTICS, &c.,
Treatise on, by G. R. Burnell, C.E. 2nd edition . . . .Is.

46. CONSTRUCTING AND REPAIRING COMMON ROADS, Treatise

on the Art of, by H. Law, C.E. 2nd edition Is.

47, 48, 49. CONSTRUCTION AND ILLUMINATION OF LIGHTHOUSES,
Treatise on the, by Alan Stevenson, C.E., 3 vols 3s.

50. LAW OF CONTRACTS FOR WORKS AND SERVICES, Treatise

on the, by David Gibbons. 2nd edition Is.
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RUDIMENTARY SERIES, K

51, 52, 53. NAVAL ARCHITECTURE, Principles of the Science, Treatise
on, by J. Peake, N.A., 3 vols 3s.

53*. LAYING OFF SHIPS, being an Introduction to the Mould I<>ft of
Ship- Building, by James Peake ls.dd.

53**. THE LARGE OUTLINE ILLUSTRATIONS OF DITTO . Is. 6V
54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS, Treatise

on, by R. Kipping, N.A 1*. 6d.
54*. IRON SHIP BUILDING, by J. Grantham, C.E 2*. 61.

55, 56. NAVIGATION, Treatise on . THE SAILOR’S SEA-BOOK.—
How to keep the Log and work it off—Lutitude and Longitude

—

Great Circle Sailing—Law of Storms and Variable Winds
;
and an

explanation of 'Terms used, with coloured illustrations of Flags,
2 vols. 2nd edition 2t.

57, 58. WARMING AND VENTILATION, Treatise on the Principles of
the.Art of, by Charles Tomlinson, 2 vols., with the Additions . . 2s.

59. STEAM BOILERS, Treatise on, by R. Armstrong, C. E. . . , Is.

60, 61. LAND AND ENGINEERING SURVEYING, Treatise on, by T.
Baker, C. E., 2 vols ... 2s.

62. RAILWAY DETAILS, Introductory Sketches of, by Sir M. Stephenson,

62*. RAILWAY WORKING IN GREAT BRITAIN, Rudimentary
Treatise on

;
numerous Statistical Details, Table of Capital and Divi-

dends, form of Revenue Account, Railway Clearing-house, &c., &o .

:

by E. D. Chattaway, Yol. II . 1*.

63, 64, 65. AGRICULTURAL BUILDINGS, Treatise on the Construction
of, on Motive Power, and the Machinery of the Steading

; and on
Agricultural Machinery

; by G. II. Andrews, 3 vols. . . , 3s.

66. CLAY LANDS & LOAMY SOILS, Treatise on, byProf.Donaldson,A.E. Is.

67, 68. CLOCK AND WATCH-MAKING, AND ON CHURCH CLOCKS,
Treatise on, by E. B. Denison, M.A., 2 vols. . . . . . 2s.

69, 70. MUSIC, Practical Treatise on, by C. C. Spencer, 2 vols. 2nd edit. 2s.

71. PIANO-FORTE, Instruction for Playing the, by the same. . , 1*.

72, 73, 74, 75. RECENT FOSSIL SHELLS, Treatise (A Manual of the
Mollusca) on, by Samuel P. Woodward, and illustrations, 4 vols. . 4s.

75*. RECENT AND FOSSIL SHELLS, Treatise on, by S. P. Woodward,
Supplementary Volume, with Plates Is. M.

76, 77- DESCRIPTIVE GEOMETRY, Treatise on, by J. F. Heather,
M.A., 2 vols 2s.

77*. ECONOMY OF FUEL, Treatise on, and on Reverberatory Furnaces for

the Manufacture of Iron and Steam Boilers, by T. S. Fridcaux, Esq. Is.

78, 79. STEAM AS APPLIED TO GENERAL PURPOSES AND LOCO-
MOTIVE ENGINES, Treatise on, by J. Sewell, C. E., 2 vols. «. . 2s.

78*. LOCOMOTIVE ENGINE, Treatise on, by G. D. Dempsey, C.E. Is. 04.

79*. ATLAS OF PLATES to the above, consisting of existing Examples of

Engines for the Broad and Narrow Gauge, theLin k Motion, &c.
,
in 4to. 4« . 6d.

79**. RUDIMENTARY WORK ON PHOTOGRAPHY, the Art of Pro-

ducing Photographic Pictures on any material and in any colour
;

and also Tables of the Composition and Properties of the Chemical
Substances

;
by Dr. H. Halieur, of Berlin ..... Ir,

80, 81. MARINE ENGINES, AND ON THE SCREW, &c., Treatise on,

by R. Murray, C. E., 2 vols. 3rd edition . ... 2s. 6d,

80*, 81*. EMBANKING LANDS FROM THE SEA, The Practice of,

by John Wiggins, F.G.S., 2 vols. ....... 2».

82, 82*. POWER OF WATER, AS APPLIED TO FLOUR MILL8,
&c., Treatise on the, by Joseph Glynn, F.R.S., C.E. .. . . 2s.
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RUDIMENTARY SERIES.

S3. BOOK-KEEPING, Treatise on, by James Haddon, M.A., 2nd edition. Is.

82**, 83*, 83 (bis)

.

COAL GAS, Practical Treatise on the Manufacture
and Distribution of, by Samuel Hughes, C.E., 3 vols. . . .3s.

52***. WATER WORKS FOR THE SUPPLY- OF CITIES AND
TOWNS, Treatise on, with Description of Works which have been
Executed, and on Pumping from Wells, by Samuel Hughes, F.G.8.,
C.E., treble volume 3s.

83**. CONSTRUCTION OF LOCKS, Treatise on the, with illustrations 1*. 6rf.

83 (bis). PRINCIPLES OF THE FORMS OF SHIPS AND BOATS,
by W. Bland, 2nd edition 1*.

84. ARITHMETIC, Elementary Treatise on, the Theory, and numerous
Examples for Practice, and for Self-Examination, by Prof. J. R.
Young Is. Od.

84*. KEY to the above, by the same Is. 6d.

85. EQUATIONAL ARITHMETIC : Questions of Interest, Annuities,
and General Commerce, by W. Hipslcy, 2nd edition . . .1*.

85*. Supplementary Yol. to the above, containing Tables for the Calcula-
tion of Simple Interest, together with Logarithms for Compound
Interest and Annuities, &e., &c., by W. Hipslcy , . . .1#.

86. 87. ALGEBRA, Elements of, for the use of Schools and Self-
Instruction, by James Haddon, M.A., 2 vols 2s.

86*, 87*. ELEMENTS OF ALGEBRA, Key to the, by Prof. Young . 1». 6d.

88, 89. GEOMETRY, Principles of, by Henry Law, C.E., 2 vols. . . 2s.

90. GEOMETRY, ANALYTICAL, by James Hann Is.

91, 92. PLAIN AND SPHERICAL TRIGONOMETRY, Treatises on, by
the same, 2 vols. 2s.

93. MENSURATION, Elements and Practice of, by T. Baker, C.E. . . 1».

94, 95. LOGARITHMS, Treatise on, and Tables for facilitating Nautical,
Trigonometrical, and Logarithmic Calculations, by H. Law, C.E.

,

2 vols 2s.

96. FOPULAR ASTRONOMY, Elementary Treatise on, by the Rev.
Robert Main, M.R.A.S Is.

97. STATICS AND DYNAMICS, Principles and Practice of, by T.
Baker, C.E Is.

98. 98*. MECHANISM AND PRACTICAL CONSTRUCTION OF MA-
CHINES, Elements of, by the same, 2 vols. in 1, with Additions 2s. 6d.

99, 100. NAUTICAL ASTRONOMY AND NAVIGATION, Theory and
Practice of, by Prof.Young. 2vols.in 1. (TABLES additional, 1j. 6d.) 2s.

101. DIFFERENTIAL CALCULUS, by W. S. B. Woolhouse, F.R.A.S. 1#.

101*. WEIGHTS AND MEASURES OF ALL NATIONS; comprising
full information of Distances, Weights, Coins, and the various
Divisions of Time, on Rates of Exchange, &c., by W. S. B.
Woolhouse, F.R.A.S 1*. 6d.

102. INTEGRAL CALCULUS, by Homersham Cox, M.A. . . . Is.

103. INTEGRAL CALCULUS, Collection of Examples of the, by James
Hann Is.

104. DIFFERENTIAL CALCULUS, Collection of Examples 'of the, by
J. Haddon, M.A '.

. . Is.

105. ALGEBRA, GEOMETRY, AND TRIGONOMETRY, First Mnemoni-
cal Lessons in, by the Rev. Thomas Penyngton Kirkman, M.A. 1». 6d.

106. SHIPS’ ANCHORS FOR ALL SERVICES, Rudimentary and Com-
prehensive, by George Cotsell, upwards of 100 illustrations . Is. 6d.

107. METROPOLITAN BUILDINGS ACT, passed August, 1855, with
Notes 2s. 0d.
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m • METROPOLITAN LOCAL MANAGEMENT ACT, passed August,
I80.5

,
with Notes, and with the Amended Act of 19 & 20 Viet. Is. 6d.

109. LIMITED LIABILITY AND PARTNERSHIP ACT, passed August,
1855, together with the required references to the Acta of Victoria 1j. .

110. SIX RECENT LEGISLATIVE ENACTMENTS, for Contractors,
Merchants, and Tradesmen . New Edition I*.

111. THE NUISANCES REMOVAL AND DISEASES PREVENTION
ACT • . . , , , , # # # ,1#,

112.

DOMESTIC MEDICINE ; or complete and comprehensive Instruc-
tiqjis for Self-Aid, by M. Raspail, translated for tne use of the British
public ls.6d.

113.

USE OP FIELD ARTILLERY ON SERVICE, by Capt. Taubert,
translated by Captn. H. H. Maxwell Is. Gd.

SUPPLEMENTARY VOLUMES of the Rudimentary Series, Published
and Preparing for Publication, for the years 1858 and 1859 :

—

114. RUDIMENTARY TREATISE OP MACHINERY : The Machine in
its Elements, Practice, and Purpose, by Chas. D. Abel, C.E., wood-
cuts Is, Cd.

115. RUDIMENTARY TREATISE OF MACHINERY, Atlas of Plates
to ditto, of several kinds of Machines, drawn to scale for practical

application, 14 plates large 4to 4s. 6d.

116. RUDIMENTARY TREATISE ON ACOUSTICS : The Elements,
Practice, and Distribution of Sound in Public and Private Buildings,
by G. R. Burnell, Archt. and C.E Is.

117. RUDIMENTARY TREATISE ON THE PRACTICE IN CANAL
AND RIVER NAVIGATION, by G. R. Burnell, C.E., with
numerous wood-cuts Is. M.

118. RUDIMENTARY SKETCH OF THE CIVIL ENGINEERING OF
NORTH AMERICA, bv David Stevenson, of Edinburgh, C.E.

,
with

Plates, Vol. I. 2nd eiiti.cn Is. Gd.

119. Ditto, ditto, Vol. II Is. 6d.

120. RUDIMENTARY TREATISE ON HYDRAULICS, by G. R.
Burnell, C.E. Is. Gd.

120*. Ditto, dittS, Part II Is. Gd.

121. RUDIMENTARY TREATISE ON RIVER ENGINEERING, by
G. R. Burnell, C.E. Is. Gd.

122. RUDIMENTARY TREATI8E ON FLUID8, by G. R. Burnell, C.E. Is.

123. RUDIMENTARY TREATI8E ON CARPENTRY AND JOINERY,
edited by E. L. Garbett, Archt., with wood-cuts ... Is. 6d.

124. RUDIMENTARY TREATISE ON ROOFS FOR PUBLIC AND
PRIVATE BUILDINGS, by E. L. Garbett, Archt., with plates . Is. 6d.

125. RUDIMENTARY TREATI8E ON THE COMBUSTION OF COAL
AND THE PREVENTION OF 8MOKE, Chemically and Practically

Considered, by Chas. Wye Williams, M.I.C.E., with numerous
wood-cuts. 3rd edition Is. Gd.

125*. Illustrations to ditto Is. 6d.

*»* The above Supplementary Volumes are of an important character, and add
considerably to the usefulness of an already admitted and most valuable series

of technical works : the established reputation of which, and the extensive sale

in all parts of the world, has given a cheering result of a long and laborious

task, and on which a very large capital has been expended.
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MR. WEALE'S

NEW SERIES OF EDUCATIONAL WORKS.

i., n.

CONSTITUTIONAL HISTOKY OF ENGLAND. 2 Vola. By
W. D. Hamilton. 2s.

ht., iv.

CONSTITUTIONAL HISTORY OF ENGLAND DOWN TO
VICTORIA. By W. D. Hamilton. 2s.

OUTLINES OF THE HISTORY OF GREECE. By E. Lkvien,
M.A. Vol. I. 1#.

VI.

OUTLINES OF THE HISTORY OF GREECE, YOL. II,
TO ITS BECOMING A ROMAN PROVINCE. By E. Levies, M.A. U «d.

vn.

OUTLINE HISTORY OF ROME. ByE. Leyien, M.A. Yol. I.

is.
‘ vm.

OUTLINE HISTORY OF RQME, VOL. II., TO THE
DECLINE. By E. Lkvien. Is. 6d.

ix., x.

A CHRONOLOGY OF CIVIL AND ECCLESIASTICAL
HISTORY, LITERATURE, ART, AND CIVILISATION, FROM THE
EARLIEST PERIOD TO 1855. 2 Vols. 2s. M.

XI.

GRAMMAR OF THE ENGLISH LANGUAGE, FOR USE
IN 8CHOOLS AND FOR PRIVATE INSTRUCTION. By Hyde Clarke,
D.C.L. Is.

xii., xin.

DICTIONARY OF THE ENGLISH LANGUAGE. A New
and Compressed Dictionary of the English Tongue, as Spoken and Written, in-
cluding above 100,000 Words, or 60,000 more than in any Existing Work, and
including 10,000 Additional Meanings of Old Words. By Hyde Clarke, D.C.L.
8 Vols. in 1. 3s. 6 rf.

XIT.

GRAMMAR OF THE GREEK LANGUAGE. By H. C.
Hamilton. Is.

xv., XVI.

DICTIONARY OF THE GREEK AND ENGLISH LAN-
GUAGE. By H. R. Hamilton. 2 Vols. in 1. 2s.

xvii., xvm.

DICTIONARY OF THE ENGLISH AND GREEK LAN-
GUAGES. By H. R. Hamilton. 2 Vols. in I. 2s.

XIX.

GRAMMAR OF THE LATIN LANGUAGE. By T. Goodwin,
of Greenwich. 1*.

XX., XXI.

DICTIONAEY OF THE LATIN AND ENGLISH LAN-
GUAGES, by T. Goodwin of Greenwich. Vol. I. 2s.
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XXII., XXIII.

DICTIONARY OF THE ENGLISH AND LATIN LAN-
GUAGES. By T. Goodwin of Greenwich Vo!. IL 1*. (fcf.

xxr*.

GRAMMAR OF THE FRENCH LANGUAGE. By Dr. Strauss,
late Lecturer at Besancon. li.

XXV.

DICTIONARY OF THE FRENCH AND ENGLISH LAN-
GUAGES. By A. Elwes. Vol. I. 1#.

XXVI.

DICTIONARY OF THE ENGLISH AND FRENCH LAN-
GUAGES. By A. Elwes. Vol II. Is. 6<I.

XXVII.

GRAMMAR OF THE ITALIAN LANGUAGE. By A. Elwes. Is.

XXVIII., XXIX.

DICTIONARY OF THE ITALIAN, ENGLISH, AND FRENCH
LANGUAGES. By A. Elwes. Vol. I. 21.

XXX., XXXI.

DICTIONARY OF THE ENGLISH, ITALIAN,AND FRENCH
LANGUAGES. By A. Elwee Vol. II. 2s.

XXXII., XXXIII.

DICTIONARY OF THE FRENCH, ITALIAN, AND ENGLISH
LANGUAGES. By A. Elweb. Vol. III. 2>.

XXXIV.

GRAMMAR OF THE SPANISH LANGUAGE. By A.
Elwes. 1j.

xxxv., xxxvi.

DICTIONARY OF THE SPANISH AND ENGLISH LAN-
GUAGES. By A. Elwes. Vol. I. 28.

xxxvn., xxxviit.

DICTIONARY OF THE ENGLISH AND SPANISH LAN-
GUAGES. By A. Elwes. Vol. II. 21.

XXXIX.

GRAMMAR OF THE GERMAN LANGUAGE. By Dr.
Strauss. 1*.

XL.

CEASSICAL GERMAN READER, FROM THE BEST
AUTHORS. 1*.

XU., XLII. ,
XLIII.

DICTIONARIES OF THE ENGLISH, GERMAN, AND
FRENCH LANGUAGES. By N. E. HAMILTON. S Vols. S».

XLTV., XLV.

DICTIONARY OF THE HEBREW AND ENGLISH, AND
ENGLISH AND HEBREW LANGUAGES, Containing all ths Biblical and
Rabbinical Words. S Vols. (together with the Grammar, which may be had
separately for U.) By Dr. Brrsslau, Hebrew Professor, 10».
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THE

SERIES OF EDUCATIONAL WORKS
AKE ON SALE IN TWO KINDS OF BINDING.

HAMILTON'S Outlines of the History of England, 4 vols. in I, bound in cloth . 5s,

Ditto, In half morocco, gilt, marbled edges 5t. 6d.

LEVIEN’S History of Greece, 2 vols. in 1, bound in cloth . . . . 3s. 6d-

Ditto, in half morocco, gilt, marbled edges 4s.

—

History of Rome, 2 vols. in 1, bound in cloth . . . . 3s. Gd.

Ditto, in half morocco, gilt, marbled edges 4s.

CHRONOLOGY of Civil and Ecclesiastical History, Literature, Art, die., 2 vols.
in 1, bound in cloth . Ss. 6d.

-— Ditto, in half morocco, gilt, marbled edges 4s.

CLARKE'S Dictionary of the English Language, bound in cloth . . .4s. 6d.
in half morocco, gilt, marbled edges 5*.

*— bound with Dr. Clarke's English Grammar, in cloth ... 5a Cxi.

Ditto, in half morocco, gilt, marbled edges . . ... . . 6s.

HAMILTON’S Greek and English and English and Greok Dictionary, 4 vols. in 1,
hound in cloth 5s.

Ditto, in half morocco, gilt, marbled edges 5s. 6d.
Ditto, with the Greek Grammar, bound in cloth 6s.
Ditto, with Ditto, in half morocco, gilt, marbled edges . . . 5s. 6d.

GOODWIN’S Latin and English and English and Latin Dictionary, 2 vols. in 1.
bound hi cloth &{

Ditto, in half morocco, gilt, marbled edges 5s.

—

Ditto, with the Latin Grammar, bound in cloth . . . . 5s. <5d.

Ditto, with Ditto, in half morocco, gilt, marbled edges . . . . 6s.

ELWES’S French and English and English and French Dictionary, 2 vols. in 1,
in cloth 3s. (3rf.

• Ditto, in half morocco, gilt, marbled edges 4s.

Ditto, with the French Grammar, bound in cloth . . , . 4s. Gd.
Ditto, with ditto, in half morocco, gilt, marbled edges . . . .5s.

FRENCH and English Phrase Book, or Vocabulary of all Conversational Words,
elaborately sot forth for Travelling Use, as a Self-Interpreter, bound . . Is. 6d.

ELWES S Italian, English, and French,—English, Italian, and French,—French,
Italian, and Euglish Dictionary, 3 vols. in 1, bound in cloth . . .7s. Gd.

Ditto, in half morocco, gilt, marbled edges 8s. 6rf.

Ditto, with the Grammar, bound in embossed cloth, marbled edges 8s. 6rf.

Ditto, with Ditto, in half morocco, gilt, marbled edges .... 9s.
ELWES’S Spanish and English and English and Spanish Dictionary, 4 vols. in 1

bound in cloth
5s.

—

Ditto, in half morocco, gilt, marbled edges ..... 5s. flrf.

Ditto, with the Grammar, bound in cloth .
* gs.

Ditto, with Ditto, in half morocco, gilt, marbled edges ... 6s. Gd.
HAMILTON'S English, German, an 1 French,—German, French, and English,—

French, German, and English Dictionary, 3 vols. in 1, bound in cloth . . . 4s.

—

Ditto, in half morocco, gilt, marbled edges 4s, 6rf.

Ditto, with the Grammar, bound in embossed cloth, marbled edges . 5s.
Ditto, with Ditto, in half morocco, gilt, marbled edges . . . 5s. 6rf.

ERESLAU8 Hebrew and English Dictionary, with the Grammar. 2 vols. in 1
bound in cloth

. 8s 6rf—-— Ditto, 2 vols. in 1, in half morocco, 9s. 6rf.—With vol. 3, English and
Hebrew

. . . 12s. fd.
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Now in the course of Publication

,

GREEK AND LATIN CLASSICS.

PRICE ONE SHILLING PER VOLUME,

Except in Some Instances, and those are at 1». 6J. or 2». each *

VEttY NEATLY PRINTED OH GOOD PAPER,

A SERIES OF VOLUMES
CONTAINING Til*

PRINCIPAL GREEK AND LATIN AUTHORS,
ACCOMPANIED BY

EXPLANATORY NOTES IN ENGLISH, PRINCIPALLY SELECTED FROM
THE BEST AND MOST RECENT GERMAN COMMENTATORS,

AND COMPRISING

All those Works that are espential for tho Scholar and the Pupil, and
applicable for use at the Universities of Oxford, Cambridge, Edinburgh,
Glasgow, Aberdeen, and Dublin,—tho Colleges at Belfast, Cork, Galway,
Winchester, and Eton, and the great Schools at Harrow, Rugby, Ac.,

—

also for Private Tuition and Instruction, and for tho Library.
1 Vols. 1, 2, 3, 4, 5, 8, 7, 8, 9, 14, 16, 17 of the Latin Series have appeared.
Of the Greek Series, vois. 1, 2, 3, 4, 5, 6, 7, 9, 18, 41 also have been
published, and will be regularly continued.

LATIN SERIES.
1. A New LATIN DELECTUS, or Introductory Classical Reader, consisting of

Extracts from the best Authors systematically arranged ; accompanied by
Grammatical and ExplanatoryNot'* and Copious Vocabularies.

2. OjESAR’S COMMENTARIES ON THE GALLIC WAR: with Grammatical
and Explanatory Notes in English, and a complete Geographical Index.

8
. CORNELIUS NEPOS

;
with English Notes, Ac.

4. VIRGIL. The Geoacres. Bucolics, and doubtful Works; with English Notes,
chiefly from the Gorman.

5
. VIRGIL’S AENEID (on the same plan as tho preceding).

6. HORACE. Odes and Epodes; with English Notes, an Analysis of each Oda,
and a full explanation of the metres.

7. HORACE. Satires and Epistles, with English Notes, Ac.

8. SALLUST. Conspiracy op Catiline, and Juourthine War.

9. TERENCE. Anuria and II

r

actuntimorum enos.

10. TERENCE. Fbormio, Adilphi, and IIecyra.

1L CICERO. Orations: aoainst Catiline, for Sulla, for ARCAIas, and iuR
the Makiuan Law.
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12 GREEK AND LATIN CLASSICS.

12. CICERO. First and Second Philippics
; Orations for Milo, for Marorllcr.

AND FOR LlGARlUS.

18. CICERO. De Officiis.

14. CICERO. De Amicitia, de Seneotute, and Brutus.
15. JUVENAL AND PERSIUS.
16. LIVY. Books I. to V., in 2 parts.

17. LIVY. Books XXI. and XXII.

w 18. TACITUS. Aqricola
;
Germania

; and Annals, Book I.

IB. SELECTIONS FROM TIBULLUS, OVID, PROPF.RTIUS, AND LUCRETIUS.
20. SELECTIONS FROM SUETONIUS, AND THE LATER LATIN WRITERS.

GREEK SERIES.

1. INTRODUCTORY GREEK
READER. On the same plan as
the Latin Reader.

2. XENOPHON. Anabasis, I., II., III.

3. XENOPHON. Anabasis, IV., V,
VI. ,

VII.

4. LUCIAN. Select Dialogues.

5. HOMER. Iliad, I. to VI.

6. HOMER. Iliad, VII.' to XII.

7. HOMER. Iliad, XIII. to XVIII.

8. HOMER. Iliad, XIX. to XXIV.
». HOMER. Odyssey, I. to VI.

10. HOMER. Odyssey, VII. to XII.

11. HOMER. Odyssey, XIII. to XVIII.

12. HOMER. Odyssey, XIX. toXXIV.;
and Hymns.

13. PLATO. Apology, Crito, and
PniEDO.

14. HERODOTUS, I., II.

15. HERODOTUS, III., IV.

16. HERODOTUS, V., VI., and part of
VII.

17. HERODOTUS. Remainder of VII.,
VIII., and IX.

18. SOPHOCLES. (Edipus Rex.

10. SOPHOCLES. (Edipus Coloneus.

20. 80PH0CLES. Antigone.

21. SOPHOCLES. Ajax.

22. SOPHOCLES. Philoctetes.

23. EURIPIDES. Hecuba.
24. EURIPIDES. Medea.
25. EURIPIDES. HippolytuS.
26. EURIPIDES. Alcestib.

27. EURIPIDES. Orestes.

28. EURIPIDES. Extracts from the
Remaining Plays.

20. 80PHOCLES. Extracts from the
Remaining Plays.

80. AESCHYLUS. PrometheusYinctus.
31. ASSCHYLUS. Perssl
32. AiSCHYXCS. Skptem contra The-

bas.

33. A2SCHYLU8. ChoKphor*.
34. AESCHYLUS. Eumenides.
35. A3SCHYLUS. Agamemnon.
36. ASSCHYLUS. Suppuces.
87. PLUTARCH. Select Lite*.

38. ARISTOPHANES. Clouds.

39. ARISTOPHANES. Frogs.

40. ARISTOPHANES. Selectionsfrom
the Remaining Comedies.

41. THUCYDIDES, I.

42. THUCYDIDES, II.

43. THEOCRITUS. Select Idyls.

44. PINDAR.
45. ISOCRATES.
46. HESIOD.

CATALOGUE OF BOOKS
IN

ARCHITECTURE
;
CIVIL, MECHANICAL, MILITARY,

AND NAVAL ENGINEERING;
Together with valuable Works on similar subjects, imported from Austria, Bavari.%
Franoe, and Italy ; and a selection of most interesting Subjects of Photographic Views
of the principal Public Buildings in Italy. In 8vo., price 6d., and bv post 7tf.
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Iii one Volume large 8ro., with 13 Plates
,
Price One Guinea

,

in half-morocco binding,

MATHEMATICS
FOR

PRACTICAL MEN

:

BEING

A COMMON-PLACE BOOK

OF

PURE AND MIXED MATHEMATICS,

DESIGNED CHIEFLY FOR THE USE OF

CIVIL ENGINEERS, ARCHITECTS, AND SURVEYORS.

BY OLINTHUS GREGORY, LL.D., F.R.A.S.

THIRD EDITION, REVISED AND ENLARGED.

BY HENRY LAW,
CIVIL ENGINEER.
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MATHEMATICS FOB PRACTICAL MEN

CONTENTS.

PART I.—PURE

CHAPTER I.—Aritombtio.

S«CT.

1. Definitions and Notation.

2. Addition of Whole Numbers.

8.

Subtraction of Whole Number*.

4. Multiplication of Whole Numbers.

5. Division of Whole Numbers.—Proof of

the first Four Rules of Arithmetic.

6.
lr
u!gar Fractions.— Reduction of Vul-

gar Fractions.—Addition and Sub-

traction of Vulgar Fractions.—Mul-

tiplication and Division of Vulgar

Fractions.

7. Decimal Fractions. — Reduction of

Decimals.— Addition and Subtrac-

tion of Decimals. — Multiplication

and Division of Decimals.

8. Complex Fractions used in the Art*

and Commerce.—Reduction.— Addi-

tion.— Subtraction and Multiplica-

tion.— Division.—Duodecimals.

9. Towers and Roots.—Evolution.

10. Proportion.— Rule of Three.— Deter-

mination of Ratios.

11. Logarithmic Arithmetic.— Use of the

Tables.—Multiplication and Division

by Logarithms.— Proportion, or the

Rule of Three, by Logarithms.

—

Evolution and Involution by Log-

arithms.

12. Properties of Numbers.

CHAPTER II.—Alceb?.!.

1. Definitions ami Notation.

2. Addition and Subtraction.

3. Multiplication.

4. Division.

5. Involution.
<'

6. Evolution.

7. Surds.— Reduction.— Addition, Sub-

traction, and Multiplication.— Di-

vision, Involution, and Evolution.

8. Pimple Equations.— Extermination.

—

Solutip" "f General Troblems.

MATHEMATICS.

S*CT.

9.

Quadratic Equations.

10. Equations in General.

11. Progression. — Arithmetical Progres

sion.—Geometrical Progression.

12. Fractional and Negat'7e Exponents.

13. Logarithms.

14. Computation of Formula.

CHAPTER III.—Geometry,

1. Definitions.

2. Of Angles, and Right Lines, and their

Rectangles.

3. Of Triangles.

4. Of Quadrilaterals and Polygons.

'

5. Of the Circle, and Inscribed and Cir-

cumscribed Figures.

6. Of Planes and Solids.

7. Practical Geometry.

CHAPTER IV.—Mekscratkw.

1. Weights and Measures.— 1. Measur-s

of Length.—2. Measures of Surface.

— 3. Measures of Solidity nnd Ca-

pacity.—4. Measures of Weight—
5. Angular Measure.— 6. Measure ef

Time.— Comparison of English and
French Weights and Measures.

2. Mensuration of Superficies.

3. Mensuration of Solid3.

CHAPTER V.—Tkigonometrt.

1. Definitions and Trigonometrical For-

mulae.

2. Trigonometrical Tables.

3. General Propositions.

4. Solution of the Cases of Plnne Trian-

gles.— Right angled Plane Triangles.

5. On the application of Trigonometry

to Measuring Heights and Distances.

— Determination of Heights and
Dis’ances by Approximate Mechani
cal Methods.
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CHAPTER VI.—Cohio Sections.

Sect.

1. Definition!.

2. Propertiet of the Ellipse.— Problem*

relating to the Ellipse.

3. Properties of the Hyperbola. — Pro-

blem* relating to the Hyperbola.

4. Propertie* of the Parabola.—Problem*

relating to the Parabola.

CHAPTER VII.— PaopERiDtt of
Curves.

S»ct.
1. Definition*.

2. The Conchoid.

3. The Ciwoid.

4. The Cycloid and Epicycloid.

5. The Quadratrix.

6. The Catenary.—Table* of Relation

of Catenarian Carre*.

PART II.—MIXED MATHEMATICS.

CHAPTER I.—Mechanics is Gbsrral.

CHAPTER II.—Statics,

1. Statical Equilibrium.

2. Center of Gravity.

3. General application of the Principle*

of Static* to the Equilibrium of

Structure*.— Equilibrium
.
of Pier*

or Abutments.— Pressure of Earth

against Walls.—Thickness of Walls.

— Equilibrium of Polygons. — Sta-

bility of Arches. — Equilibrium of

Suspension Bridges.

CHAPTER III.— Dtsamics.

1. General Definitions.

2. On the General Laws of Uniform and

Variable Motion.—Motion uniformly

Accelerated.—Motion of Bodies un-

der the Action of Gravity—-Motion

over a fixed Pulley.— Motion on

Inclined Planes.

3. Motions about a fixed Center, or Axis.

—Centers of Oscillation and Per-

cussion. — Simple end Compound
Pendulums. — Center of Gyration,

and the Principles of Rotation.

—

Central Forces.— Inquiries connected

with Rotation and Central Forces.

4 . Percussion or Collision of Bodies in

Motion.

5. On the Mechanical Power*.— Levers.

—Wheel and Axle.—Pulley.—In-

slined Plane.—Wedge and Screw.

CHAPTER IV.

—

Hydrostatics.

1. General Definitions.

2. Pressure and Equilibrium of Non-
elastic Fluids.

3. Floating Bodie*.

4. Specific Gravities.

5. On Capillary Attraction.

CHAPTER V.

—

Hydrodynamics.

1. Motion and Effluence of Liquid*.

2. Motion of Water in Conduit pipes
and Open Canals, oTer Weirs, Ac.

—

Velocities of River*.

3. Contrivances to Measure the Velocity

of Running Waters.

CHAPTER VI.

—

Pneumatics.

1. Weight and Equilibrium of Air and
Elastic Fluids.

2. Machines for Raising Water by the
Pressure of the Atmosphere.

3. Force of the Wind.

CHAPTER VII.—Mechanioai Aoests.

1. Water as a Mechanical Agent.
2. Air as a Mechanical Agent.— Cou-

lomb's Experiment*.

3. Mechanical Agent* depending upon
Heat. The Steam Engine.—Table
of Pressure and Temperature of

Steam.— General Description of the

Mode of Action of the Steam Begins.

—Theory of the Steam Engine.

—

Description of the various kinds tf
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MATHEMATICS FOR PRACTICAL MEN.

<*CT
Engines, and the Formula for calcu-

lating their Power.—Practical appli-

cation of the foregoing Formulae.

4.

Animal Strength as a Mechanical Agent.

CHAPTER VIII.— SiEiNGin qf
Materials.

1. Results of Experiments, and Principles

upon which they should be practically

applied.

2. Strength of Materials to Resist Tensile
and Crushing Strains.—Strength of
Columns.

Skct.

3. Elasticity and Elongation of Bodies
subjected to a Crushing or Tensile
Strain.

4. On the Strength of Materials subjects
to a Transverse Strain.— Longi
tudinal form of Beam of uniform
Strength.—Transverse Strength of

other Materials than Cast Iron.—
The Strength of Beams according to
the manner in which the Load is

distributed.

5. Elasticity of Bodies subjected to a
Transverse Strain.

6. Strength of Materials to resist Torsion.

APPENDIX
I. Table of Logarithmic Differences.

II. Table of Logarithms of Numbers, from 1 to 100.
III. Table of Logarithms of Numbers, from 100 to 10,000.
IV. Table of Logarithmic Sines, Tangents, Secants, Ac.
V. Table of Useful Factors, extending to several places of Decimals.

VI. Table of various Useful Numbers, with their Logarithms.
VII. A Table of the Diameters, Areas, and Circumferences of Circles and also the

sides of Equal Squares.

VIII. Table of the Relation^ of the Arc, Abscissa, Ordinate and Subnormal in the
Catenary.

IX. Tables of the Lengths and Vibrations of Pendulums.
X. Table of Specific Gravities. •

XI. Table of Weight of Materials frequently employed in Construction.
XII. Principles of Chronometers.

XIII. Select Mechanical Expedients.

XIV. Observations on the Effect of Old London Bridge on the Tides, Ac.
XV. Professor Parish on Isometrical Perspective.

In ISmo., in boards, comprising 390 pages, price 5s.

A SYNOPSIS OF PRACTICAL PHILOSOPHY,
alphabetically arranged, containing a great variety of Theorems, Formulae,
and lables, from the most accurate and recent authorities in various branches
of Mathematics and Natural Philosophy : with Tables of Logarithms.

By the Rev. JOHN CARR, M.A., late Fellow of Trinity College, Cambridge.

A SYSTEM OF APPARATUS
For the Use of Lecturers and Experimenters in Mechanical Philosophy.

By the Rev. Prof. WILLIS, M.A., F.R.S., Ac.

In 4to., with Plates, price 5s.
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HINTS
TO

YOUNG ARCHITECTS:
OOMPHI3INO

ADVICE TO THOSE WHO, WHILE YET AT SOTOOL ARE DESTINED
TO THE PROFESSION;

'

SUCH AS, HAVING PASSED THEIR PUPILAGE, ARE ABOUT TO TRAVEL

AND TO THOSE WHO, HAVING COMPLETED THEIR EDUCATION,
ARE ABOUT TO PRACTISE:

TOGETHER WITH

A MODEL SPECIFICATION:
IN VOLVING A GREAT VARIETY OF INSTRUCTIVE AND SUGGESTIVE MATTER

CALCULATED TO FACILITATE THEIR PRACTICAL OPERATIONS;

AND TO DIRECT THEM IN THEIR CONDUCT, AS THE RESPONSIBLE
AGENTS OF THEIR EMPLOYERS,

AND AS THE RIGHTFUL JUDGES OF A CONTRACTOR'S DUTY.

By GEORGE WIGIITWICK, Architect.

CONTENTS t
— *

Preliminary Hints to Young Archi-

tects on the Knowledge of

Drawing.

On Serving his Time.

On Travelling.

His Plate on the Door.

Orders, Plan-drawing.

On his Taste, Study of Interiors.

Interior Arrangements.

Warming and Ventilating.

House Building, Stabling.

Cottages and Villas.

Model Specification

General Clauses.

Foundations.

Well.

Artificial Foundations.

Brickwork.

Rubble Masonry with Brick

Mingled.

Model Specification

:

Stone-cutting.

, Grecian or Italian only.

, Gothic only.

Miscellaneous.

Slating.

Tiling.

Plaster and Cement- work.

Carpenters’ Work.

Joiners’ Work.

Iron and Metal-work.

Plumbers’ Work.

Drainage.

Well-digging.

Artificial Levels, Concrete,

Foundations, Piling and

Planking, Paving, Vaulting,

Bell-hanging, Plumbing, and

Building generally.
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In One Large Volume Octavo, Eleven Hundred Page*, with numerous
Engravings, price 1{. Ss.,

A GENERAL TEXT BOOK,
FOR THE

CONSTANT USB AND REFERENCE OF

ARCHITECTS, EHGPTEERS, SURVEYORS, SOLICITORS,

AUCTIONEERS, LAND AGENTS, AND STEWARDS,

Of ALL THEIR SEVERAL AKD VARIED PROFESSIONAL OCCUPATIONS;

AHD FOR THE

ASSISTANCE AND GUIDANCE OP

COUNTRY GENTLEMEN AND OTHERS
ENGAGED IN THE

TRANSFER, MANAGEMENT, OR IMPROVEMENT OF
LANDED PROPERTY:

CONTAINING

THEOREMS, FORMULAE, RULES, AND TABLES

Ot GEOMETRY, MENSURATION, AND TRIGONOMETRY; LAND VEASUP-INO, SURVEYING,

AND LEVELLINQ ;
RAILWAY AND HYDRAULIC ENGINEERING ; TIMBER MEASUR-

ING J
THE VALUATION OF ARTIFICERS* WORK, ESTATES, LEASEHOLDS, LIFEHOLDS,

ANNUITIES, TILLAGES, FARMINO 8TOCK, AND TENANT RIGHT J THE ASSESSMENT
OF PARISHES, RAILWAYS, OA8 AND WATER WORKS; THE LAW OF DILAPIDA-
TIONS AND NUISANCES, APPRAISEMENTS AND AUCTIONS, LANDLORD AND
TENANT, AGREEMENTS AND LEASES.

TOGETHER WITH EXAMPLES OF VILLAS AND COUNTRY HOUSES.

BY EDWARD RYDE,
Civil Engineer and Land Surveyor, Author of sovoral Professional Works.

TO WHICH ARB ADDED SEVERAL CHAPTERS ON

AGRICULTURE AND LANDED PROPERTY.

BY PROFESSOR DONALDSON,
Author of several Works on Agriculture.
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CONTENTS

Chapter I.

—

Arithmetic. 1. Notation—2. Proof of the First Four
Rules— 3. Vulgar Fractions—4. Decimals—5. Duodecimals—6. Powers
and Roots— 7. Properties of Numbers— 8. Logarithms and Mathe-
matical Tables.

II.—Plash and Solid Geometry. 1. Definitions— 2. Of Angles
and Right Lines, and their Rectangles—3. Of Triangles—4. Of Quad-
rilaterals and Polygons—5. Of the Circle, and Inscribed and Circum-
scribing Figures— 6. Of Planes and Solids—7. Practical Geometry.

III.—Mensuration. 1. Comparison of English and French Weights
and Measures—2. Mensuration of Superficies—3. Mensuration of Solids.

IV.—Trigonometry. 1. Definitions and Trigonometrical Formulae

—

2. General Propositions— 3. Solution of the Cases of Plane Triangles.

V.—Conic Sections.

VI.—Land Measuring. Including Table of Decimals of an Acre

—

Table of Land Measure, by dimensions taken in yards.

VII.—Land Surveying. 1. Parish and Estate Surveying—2. Trigo-

nometrical Surveying— 3. Traverse Surveying—4. Field Instruments,
the Prismatic Compass; the Box Sextant ;

the Theodolite.

VIII.—Levelling. Levelling Instruments, the Spirit Level
; the Y

Level; Troughton’s Level; Mr. Gravatt’s Level; Levelling Staves

—

Examples in Levelling.

IX.—Plotting. Embracing the Circular Protractor—The T Square
and Semicircular Protractor—Plotting Sections.

X.—Computation of Areas. The Pediometer—The Computing
Scale—Computing Tables.

XI.—Copying Maps. Including a description of the Pentagraph.

XII.—Railway Surveying. 1. Exploration and Trial Levels;
Standing Orders.— 2. Proceedings subsequent to the Passing of the Act;
Tables for Setting out Curves

;
Tables for Setting out Slopes ; Tables of

Relative Gradients
;
Specification of Works to be executed in the con-

struction of a Railway
;
Form of Tender.

XIII.—Colonial Surveying.

XIV.—Hydraulics in connection with Drainage, Sewerage,
and Water Supply.—With Synopsis of Ryde’s Hydraulic Tables

—

Specifications, Iron Pipes and Ca-tings; Stone-Ware Drain Pipes
; Pipe

Laying; Reservoir.

XV.—Timber Measuring. Including Timber Tables, Solid Measure,
Unequal Sided Timber

; Superficial Measure.

XVI.—Artificers’ Work. 1. Bricklayers’ and Excavators’—2.

Slaters’—3. Carpenters’ and Joiners’—4. Sawyers’

—

5. Stonemasons’

—

6. Plasterers’—7. Ironmongers’—8. Painters’—9. Glaziers’—10. Paper
Hangers’.

XVII.—Valuation of Estates. With Tables for the Purchasing of
Freehold, Copyhold, or Leasehold Estates, Annuities, and AdvowBons,
and for Renewing Leases for Terms of Years certain and for Lives.

XVIII.

—

Valuation of Tillages and Tenant Right. With
Tables for Measuring and Valuing Hay Ricks.
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CONTEXTS (continue*!):

—

XIX.—Valuation op Parishes.

XX.—Builders’ Prices. 1. Carpenters’ and Joiners’—2. MasonB’

—

3. Bricklayers’—4. Plasterers’—5. Ironmongers’— 6. Drainers’—7.

Plumbers’—8. Painters’—9. Paper Hangers’ and Decorators’—10.

Glaziers’—11. Zinc Workers'—12. Coppersmiths'—13. Wircworkers'.

XXI.—Dilapidations and Nuisances. 1. General Definitions—2.

Dilapidations by Tenants for Life and Years—3. Ditto by Mortgagee or

Mortgagor—4. Ditto of Party Walls and Fences—5. Ditto of Highways
and Bridges— 6. Nuisances.

XXII.—The Law relatino to Appraisers and Auctioneers. 1.

The Law relating to Appraisements—2. The Law of Auction.

XXIII.

—

Landlord and Tenant. 1. Agreements and Leases—2.

Notice to Quit—3. Distress—4. Recovery of Possession.

XXIV.—Tables. Of Natural Sines and Cosines—For Reducing
Links into Feet—Decimals of a Pound Sterling.

XXV.—Stamp Laws.—Stamp Duties—Customs’ Duties.

EXAMPLES OF VILLAS AND COUNTRY HOUSES.

ON LANDED PROPERTY, By Professor Donaldson.

L—Landlord and Tenant—their Position and Connections.

IJ.—Lease of Land, Conditions, and Restrictions ; Choice of Tenant
and Assignation of the Deed.

III.—Cultivation of Land, and Rotation of Crops.

IV.—Buildings necessary on Cultivated Lands—Dwelling Houses,
Farmeries, and Cottages for Labourers.

V.—Laying-out Farms, Roads, Fencos, and Gates.

VI.—Plantations—Young and old Timber.

VII.—Meadows and Embankments, Beds of Rivers, Water Courses,
and Flooded Grounds.

VIII.—Land Draining, Open and Covered,—Plan, Execution, and
Arrangement between Landlord and Tenant

IX.—Minerals—Working and Value.

X.—Expenses of an Estate—Regulations of Disbursements— and
Relation of the appropriate Expenditures.

XI.—Valuation of Landed Property ; of the Soil, ofHouses, of Woods,
of Minerals, of Manorial Rights, of Royalties, and of Fee Farm Rents.

XII.—Land Steward and Farm Bailiff
: Qualifications and Duties.

XIII.—Manor Bailiff, Woodreve, Gardener, and Gamekeeper—their

Position and Duties.

XIV.—Fixed days of Audit—Half-Yearly Payments of Rents—Form
of Notices, Receipts, and of Cash Books, General Map of Estates, and of
each separate Farm—Concluding Observations.
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BRIDGES.
45.

In 4 vols. royal 8vo, illustrated by 138 engravings and 92 wood-cuts, bound
in 3 vols. half-morocco, price £4. 10*.

THE THEORY, PRACTICE, AND ARCHITECTURE
OF

BRIDGES OF STONE, IRON, TIMBER, AND WIRE;
WITH EXAMPLES ON THE PRINCIPLE OF SUSPENSION.

DIVISIONS OF THE WORK.

Theory of Bridges. By James Hann, King's College, London.
General Principles of Construction, &c. Translated from Gauthey.
Theory of the Arch, &c. By Professor Moseley.

Paters on Foundations. By T. Hughes, C.E.

Account of Hutcheson Bridge, Glasgow, with Specification. By
the late Robert Stevenson, C.E.

Mathematical Principles of Dredge’s Suspension Bridge.
Essay and Treatises on the Practice and Architecture of Bridges.
By William Hosking, F.S.A., Arch*, and C.E.

Specification of Chester Dee Bridge.
Practical Description of the Timber Bridges, &c., on the Utica and
Syracuse Railroad, U. S. By B. F. Isherwood, C. E., New York.

Description of the Plates.—General Index, &c., &c., &c.

LIST OF PLATES.

1 . Centering of Ballaler bridge across the
river Bee, Aberdeenshire.

2. Town’s American timber bridge.

3. Bo., sections.

4. Bo. do.

5. I.adykirk and Norham timber bridge
over the Tweed, by J. Blackmore.

6. Timber bridge over the Clyde at Glas-
gow, by Robert Stevenson.

7. Elevation of arch of do.

S. Transverse section of do.

9.

Section of foot-path on do., Ac.
10. Occupation bridge over the Caldcr and

Hebble Navigation, by W. Bull.

11. Newcastle, North Shields, and Tyne-
mouth railway viaduct across wil-
lington Bean, plans and elevations.

12. Do., do.

13. Do., sections.

14. Ditto across Ouse Burn Bean, plan and
elevation.

15. Bo., do.

16. Isometrical view of the upper wooden
bridge at Elysville over the Patapsco,
on the Baltimore and Ohio Railroad.

17. Elevation and plan of do.

1 8. Sections of do.

19. Longitudinal section under the central

archway of Old London bridge, show-
ing the sunk weir recommended by
Mr. Smeaton to hold the water up for

the benefit of the water-works, Ac., in

1763 ; sections of the same.
20. Plan and elevation of timber bridge for

Westminster, as designed by Wes-
ley.

21. Half- elevation of ditto for Westminster,
as designed by James King.

22. Westminster timber bridge adapted to

the stone piers, b^r C. Labelye.
23. One of the river nbs of the centre on

which the middle arch of Westminster
bridge was turned, extending 76 feet,

designed and executed by JamesKing.
24. Long elevation and plan of Westminster

bridge.

25. Elevation of the foot bridge over the
Whitadder, at Abbey St. Bathen’s.

26. Weymouth bridge, elevation and plan.

27. Very long elevation of Hutcheson bridge,
Glasgow, by Robert Stevenson.

23. Longitudinal section of ditto, showing
the progress of the works in 1832.

29. Cross section of do., showing the build-
ing apparatus and centre frames.

30. Cross section of Hutcheson bridge.
31. Plan of southern abutment of do.
32. Section of abutments of do.

33. Toll-houses of do.

34. Bridge of the Schuylkill at Market
Street, Philadelphia.

35. Details of do.
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-tfi Plan of the wood-work in the starling of

the small piers of Chepstow* bridge.

37. Longitudinal section through one of the

large piers.

3ff. Details of Chepstow bridge.

39. Plan, elevation, and sections of the
central arch of London bridge.

40. London and Croydon railway bridge

on road from Croydon to Sydenham,
plans, elevations, and sections.

41. London and Croydon railway bridge on
road from Norwood to Bromley, ao.

42. London and Croydon railway bridge at

Sydenham, do.

41i Elevation of the Victoria bridge over
the valley of the river Wear, on the
Durham junction railw ay.

Elevation of Chepstow* bridge.

45. Piling and timber foundations of one
of the large piers of Chepstow bridge.

4fL Plan of pier, elevation of do.
4". Enlarged section of one of the piers.

43* Newcastle and Carlisle railway bridge,

over the river Tyne at Scot.sw ood, by
John Blackmorc, plan and elevation.

49, 50. Sections and details of do.

L :

.

Elevation and plan of bridge over the
Eden at Carlisle, by Sir R. Smirkc.

62. Elevation of one of the arches, with a
pier, and the north abutment.

62a. The centering used for the arches of do.

53* Plan and elevation of the bridge erected
over the Thames at Staines.

64. Elevation and plans of the Wellesley
bridge at Limerick.

65. Elevation of pier and half- arch, with
longitudinal section, plan and section

of baluster, transverse section through
the crown and snandril.

5fL Bridge of Jena, plan and elevation.

57. Do., elevation of one of the land arches,
with section of towing-path and re-

taining wall, transverse section of the
bridge at the springing of an arch,

{

>lan of do., transverse section of the
jridge through the centre of one of
the land arches, plan of the abutments,
retaining walls, &c.

33, Elevation of the Devil’s bridge over
the Serchio, near Lucca, Italy

;
plan,

elevation, and cross section.

59. Bridge across the river Forth at Stirling,

by R. Stevenson, elevation.

&L Longitudinal section of the same.
6l* Timber bridge on the Utica and Syra-

cuse Railway, United States, spans of
40 and 30 feet.

fi2* Do., span of fit! feet.

fhL Do., elevation, plan and cross section,

span of S3 feet.

63a. Do., isometrical projection.

CL Do., plan, elevation, and cross section,

span of fij feet.

6in. limber bridge, span of 32 feet.

65. Abutment for a bridge of 33 feet span
over the Oneida Creek.

66. Trestle bridge, Oneida Creek Valley,
span of 29 feet.

67. Do., elevation of span of LM feet.

6/a. Do., isometrical projection of truss,
connection of floor beams, and cross
section.

63* Trestle bridge, Onondago Creek Valley,
span of 29 feet.

69. A great variety of details of joinery.
69a. Pile-driving machine.
70. Isometrical projections.
70a., Isometrical projections of iron plate.

70&. Do.
70c. Do.
70d. Do.
70c. Do.
70/. Do., culverts.

70g. Viaduct under Eric canal.
71. Remains of the bridge over the Adda,

at Trezzo, the Milanese.
72. Ely iron bridge, near cathedral.
73. Details of do.

24. I)o.

76. Do.
76. Haddlesey bridge, over the Aire, York-

shire, details of the iron-work.

71l Do.
28. Do.
21L Do.
fill* Do., sections of structure,

fil* Do., plan, iron balustrades

82* Do., details.

83. Do., elevation.

fil. London and Blackwall Railway bridge
over the Lea, elevation and plan.

S3* Do., sections and details.

£fi* I)o., sections, enlarged view of railing.

97. Isometrical projection of the suspension
bridge at Balloch ferry, constructed on
Mr. Dredge’s principle.

88. Perronct’s design for the bridge over the
Seine at Mclun, sections, &c.

69. Brighton chain pier, portions of con-
structive detail.

00. Wreck of do. in Oct. 1833.

flL Do.
92. Longitudinal and transverse sections of

cast-iron swing bridge.
03. Longitudinal section and transverse do.,

Ian of turning-plate, roller frame, and
ed-plate of cast-iron swing bridge.

94. Elevation and plan of cast-iron swing
bridge, Plymouth.

93. Gerrard’s Hostel bridge, Cambridge,
erected by the Butterley Company, (W.
C. Mylnc,) elevation and plan.

06. Do., sections and details or do.

97 . Do., transverse section of do.

09. Fribourg suspension bridge, general
elevation, w ith a section of the valley
of the Sarine and of the mooring
shafts, &c. ; general plan, ends of
main piers, with approaches enlarged,
&c.

99. Do., sections and details of do.
100, 100a. Do. do.

LQ1* Professor Moseley’s diagrams of the
arch.

102* Do.
103* Do.
104. Robert Stevenson’s elevation of a chain

bridge upon the catenarian principle.
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SUPPLEMENT TO THE PRECEDING WORK
ON BRIDGES,

In large and thick 8vo. volume, uniform in half blue morocco, price 21. 10i.

The volume comprises 68 Plates, consisting of Bridges of Stone, Viaducts," Iron
Girder Bridges, Timber Bridges, and Mr. Tierney Clark’s Suspension Bridge over the
Danube, with every valuable detail ; together with Text Description of the several

subjects contained in this interesting volume.

In 1 voL 4t©., with 1i plates, extra cloth boards and lettered, price 21s..

THE CARPENTER’S NEW GUIDE :

OB,

THE BOOK OF LINES FOR CARPENTERS,
GEOMETRICALLY EXPLAINED

;

COMPRISING ALL THE ELEMENTARY PRINCIPLES ESSENTIAL POR ACQUIRING A
KNOWLEDGE OP THE THEORY AND PRACTICE OP CARPENTRY.

A NEW EDITION,
FOUNDED ON THAT OF THE LATE PETES NICHOLSON’S STANDARD WORK;

REVISED BY
ARTHUR ASHPIT EL, Architect, F.S.A., LIRA.

With 12 Engravings, new, improved, and extended edition, price 2L 12a Cd.,

extra large 4to, extra cloth boards and lettered,

THE PRACTICAL RAILWAY ENGINEER :

EXAMPLES OP THE MECHANICAL AND ENGINEERING OPERATIONS AND STRUCTURED
COMBINED IN THE MAKING OP A RAILWAY.

Section I,—Curves, gradients, gauge, and
slopes.

Section II.—Survey and levels for a railway
—Parliamentary planand section—Limits
of deviation—Setting out the line—Work-
ing plans and sections—Compuung quan-
tities—Opening the ground.

Section III.—Earthworks, cuttings, em-
bankments, and drains.

Ev G. D. DEMPSEY, C.E.
CONTENTS.

Section IV.—Retaining walls, bridges, tun-
nels, &c.

Section V.—Permanent way and construc-

tion.

Section VI.—Stations, <tc.

Section VII. — Rolling Btock — Carriages,

trucks, wheels, aud axles—Brakes, and
details—Locomotive engines aud tenders.

ScctionVlI I .—Signalsand electric telegraph.

LIST OF PLATES.

L Cuttings.

2, S, 4. Earthworks, excavating.
5. Ditto, embanking,
6. Ditto, waggons.
7. Drains under bridges.

8. Brick and stono culverts,

8, Paved crossings.

10. Railway bridges, diagram.
11. 12. 13. 14. Bridges, brickaud stone.

16, 10, Ditto, iron.

17, 18, 19, 20, 2L Ditto, timber.
Si Centers for bridges.

23, 24, 25, 26, 2L “Pont de Moutlouis.”
20. “Pont du Cher.”
29. Suspension bridge.
Sli. Box -girder bridjo.
8L Trestle brideo and Chepstow bridgo.
32, Details of Chepstow bridge.
S3, Creosoting, screw-piling, ic.
84, Permaueut way and rails.

85. Ditto, chairs.

88. Ditto, fish-joints, Ac.
>7. Ditto, fish-joint chairs.
88. 8S. Ditto, cast-iron sleepers, Ac.
*0, Ditto, 8tophcnsou’s, Brunei's, Hemans’s,

Hacneul’s, and Dockray’s.
81 . Ditto, crossings.

42. Ditto ditto, details.

43. Ditto, spring-crossings, Ac.
44. Ditto, turn-table.

45. 40. Terminal station.

IL 48, 49. Stations.
fin. "Goods stations.

61.

Polygonal ongine-liouse.

52. Engine-house.
53. Watering apparatus.—(A). Tanks.
54. Ditto, (13. ) Details of pumps.
55 Ditto, (C.) Details of engines.

56. Ditto, (D.) Cranes.
57. Hoisting machinery.
53. Ditto, details.

59. Traversing platform.
60. Ditto, details.

61. Station-roof at King’s Cross.

62. Ditto, Liverpool.
63. Ditto, Birmingham.
6 1, 61. Railway carriages.

66, Ditto, details.

67, 63. Railws / trucks and wheels.
09. Iron and jovered waggons.
70. Details of brakes.
71. Wheels and details.

72. Portrait.
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In I Yol. 4to, extra clotli, boards and lettered, 6* Engravings, 21*.,

DESIGNS AND EXAMPLES OF COTTAGES,
VILLAS, AND COUNTRY HOUSES ;

BEING THE STUDIES OF SEVERAL EMINENT ARCHITECTS AND BUILDERS.

CONSISTING or PLANS, ELEVATIONS, AND PERSPECTIVE VIEWS, WITH
APPROXIMATE ESTIMATES OF THE COST OF EACH.

In imperial 8vo., with 13 large folding Plates, extra cloth boards, price 12*.,

A PRACTICAL AND THEORETICAL ESSAY
ON OBLIQUE BRIDGES.
By GEORGE WATSON BUCK, M.Inst. O.E.

TOGETHER WITH A

DESCRIPTION TO DIAGRAMS FOR FACILI-
TATING THE CONSTRUCTION OF

OBLIQUE BRIDGES.
By W. H. BARLOW, C.BL,

Second Edition, corrected and improved.

In 1 vol. 4to., 50 plates, with dimensions, extra cloth boards, price 21*.,

EXAMPLES FOR
BUILDERS, CARPENTERS, AND JOINERS ;

SEIKO WELL-SELECTED ILLUSTRATIONS OP RECENT MODERN ART AND CONSTRUCTION.

CONTENTS OP PLATES.

1. Geometrical Staircase.

2. »
.. t.

•• r. „
5. „ ,,

6. Construction of the Wooden Columns
in King’s College.

7. Details of do.

8. Flan and Elevation of the Athenrcum
Club House.

9. Do. do. Arthur’s Club, St. James’
Street.

10. Do. do. details.

11. Do. do. „
12. Design for Verandah.
13. Details of do.

14. Design for Verandah.
15. Details of do.

16. Design for Verandah.
17. Details of do.
18. Elevation of a Group of New Houses.
19. Joinery of Doors.
20. Base, Surbase, and Dado.
21. Plan and Elevation of Doors.
22. Sections do. do.

23. Section of the framing or frontispiece

of an entablature of a Shop front.

24. Roof at Charter H ouse.
25. ,, Cierksnwell C* vch.

26.

27.

28.

29.

;

30 .

I
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44.

45.

46.

47.

48.

49.

50.

Elizabethan terminations of a Shop
front entablature.

Joinery at Windsor Castle.

Gate at the town entrance to the
Royal Slews, Windsor.

Joinery at the Duke of Sutherland's, at

LilleshalL
Mullions of Windows, do.
Plan and Elevation of a Public-house.
Exeter Hall roof.

Country mansion.
Italian Designs.

Longitudinal Section, do.
Windows, Doors, Sic. do.
Windows, Ac. do.
Grand Staircase, do.
An Elegant Italian facade.
Ponton Meusey Church, Bell Turret.
Plan and 8<mth Elevation of do.
West Elevation of do.
Elevations, with horizontal and vertical

sections of the Bell Turret, do.
Transverse section of do.
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